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Microgravity Measurements Group Meeting #19 


Summary 

The Microgravity Measurements Group (MGMG) meetings have been held since 
1988 to provide a forum for an exchange of information and ideas about various aspects 
of microgravity acceleration research in international microgravity research programs. 
These meetings are sponsored by the PI Microgravity Services (PIMS) project at the 
NASA Glenn Research Center for the NASA Microgravity Research Program and 
cooperating international microgravity research programs. 

The nineteenth MGMG meeting was held 11-13 July 2000 at the Sheraton Airport 
Hotel in Cleveland, Ohio. The forty-four attendees represented NASA, other space 
agencies, universities, and commercial companies; eight of the attendees were 
international representatives from Japan, Italy, Canada, Russia, and Germany. Twenty- 
seven presentations were made on a variety of microgravity environment topics 
including the International Space Station (ISS), acceleration measurement and analysis 
results, science effects from microgravity accelerations, vibration isolation, free flyer 
satellites, ground testing, vehicle characterization, and microgravity outreach and 
education. A description of a tour of three microgravity-related facilities is also included 
in the minutes. 

The meeting agenda is in the minutes and it lists each speaker, the title of their 
presentation, and the actual time of their presentation. The minutes also include the 
charts for each presentation which indicate the authors' name(s) and affiliation. In some 
cases, a separate written report was submitted and has been included here. The 
presentation charts are organized in order of their presentation at MGMG #19. 

Mr. Valentin Argakov announced that his office in Samara, Russia had hosted a 
European microgravity symposium. In future years, this meeting will be opened to 
researchers in other countries. Mr. Agarkov invited MGMG attendees to consider 
submitting a paper for consideration at this conference. 

GRC Facility Tour 

A feature of the meeting was a tour of three facilities of NASA Glenn Research 
Center, the 2.2 Second Drop Tower, the Microgravity Emissions Laboratory, and the 
Fluids and Combustion Facility engineering models. This tour was arranged so that the 
MGMG #19 attendees could become more familiar with these microgravity facilities. 

2.2 Second Drop Tower 

This facility allows investigators to test experimental packages in a microgravity 
environment for a period of 2.2 seconds. It is used extensively by NASA research 
scientists as well as university principal investigators. The current focus of the programs 
utilizing the facility is in the areas of combustion science and fluid physics. The role of 
the Drop Tower in these areas includes the execution of ground-based science programs, 
the performance of precursor tests to define space experiment science requirements and 
conceptual designs, and the performance of tests for space experiment technology 
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development and verification. The Drop Tower is an ideal research facility, especially for 
exploratory tests, as it is operated at a relatively low cost and investigators participate 
directly in experiment build-up and testing. The extensive utilization of the Drop Tower 
is evident in the fact that over 19,000 research drops have been performed to date. 
Currently about 1800 drops are conducted each year. 

The Drop Tower utilizes an experiment/drag shield system for its mode of operation. 
Experiments assembled on a drop frame structure are enclosed in a drag shield that has a 
high weight-to-frontal area ratio and a low drag coefficient. The drag shield /experiment 
assembly is hoisted to the top of the tower and released. The entire assembly falls freely 
and unguided in the open environment of the tower. The experiment is isolated from 
aerodynamic drag as it is contained within, but not attached to the drag shield. During 
the drop, the entire assembly falls 24.1 meters, and the experiment falls freely a distance 
of 20 cm within the drag shield. The package is decelerated in a 10 foot tall air bag. 
Battery packs provide on-board power to the experiment. Data is acquired by high speed 
motion picture cameras, video cameras, and on-board computers. Normal operations 
provide the opportunity for up to 12 drops per day to be performed. 

Operational Parameters 

• Low gravity duration: 2.2 seconds 

• Normal atmosphere with drag shield system 

• Acceleration environment: 10' 3 - 10‘ 4 g 

• Deceleration levels: 15 to 30 g's for several milliseconds 

Microgravity Emissions Laboratory (MEL) 

The Microgravity Emissions Laboratory (MEL) is an inertial measurement system 
capable of characterizing on-orbit disturbers (i.e. equipment/source forcing functions) 

from 0.5 Hz to 300 Hz and down to 10" 7 g’s. These inertial forcing functions are derived 
from a moderate set of bi-axial accelerometers and the measured diagonal mass matrix. 
Currently MEL is outfitted to handle equipment along with the associated fixture to 300 
Kg (750 lbm). Improvements are in the works to accommodate ISPR (Space Station/ 
SPACEHAB) sized racks. This will allow for the handling of 1000 kg racks along with 300 
kg isolation fixture as required. The service is provided by the same team that operate 
the Structural Dynamics Laboratory (SDL). 

The MEL is a developmental facility and the low frequency apparatus is being used 
to evaluate the acceleration emissions from various assemblies such as fans, hard drives 
and other component-level tests. Currently, the mass limit is 300 Kg (750 lbm) and the 
maximum size is 0.6 m x 0.6 m x 0.6 m (2 ft. x 2 ft. x 2 ft.). The facility noise floor was 
established by test in September 1999. Planned modifications to enable rack-level 
development testing will raise the mass limit to 900 Kg (2250 lbm) and increase the 
maximum size to 0.9 m x 1.0 m x 2.0 m (3 ft. x 3.5 ft. x 7 ft.). 
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Fluid and Combustion Facility (FCF) Engineering Models 
and U.S. Laboratory Mockup 

This Fluids & Combustion Facility (FCF) equipment was fabricated for proof of 
concepts and engineering trade off studies during the initial design of the Fluid 
Integrated Rack (FIR), the Combustion Integrated Rack (CIR), and the Shared 
Accommodations Rack (SAR). The FCF is being developed by the Microgravity Science 
Division (MSD) at the NASA Glenn Research Center. 

The FCF is a modular, multi-user facility to accommodate microgravity science 
experiments on board the US Laboratory Module of the International Space Station. The 
FCF will be a permanent facility aboard the ISS, and will be capable of accommodating 
up to ten science investigations per year. It will support the sustained systematic 
research of the effects of reduced gravity in the areas of fluid physics and combustion 
science. 

Active rack isolation (ARIS) is integral to all three racks along with electrical power 
conversation and distribution, command and data management, image processing, 
communication interfaces with the ISS. The FCF will have rack closure doors. The 
environmental control subsystems will provide air thermal control, water thermal 
control, fire detection and suppression, and a nitrogen gas interface. 

The three racks together will provide the physical and functional infrastructure 
required to perform combustion science, fluids physics and adjunct science on-board the 
ISS. 

The facility will be launched incrementally in three separate, integrated racks 
beginning in 2001. The first rack launched will be the CIR, the second will be the FIR; 
and the third will be the SAR. In 2003, the FCF will be complete with the addition of the 
SAR. The FCF in its assembly complete flight configuration will add additional science 
experiment capabilities. 

Next MGMG Meeting 

MGMG #20 will most likely be held in mid-year 2001 at the NASA Glenn Research 
Center in Cleveland, Ohio. At that time (according to current schedules), the SAMS-II 
and MAMS should be operating on-board the ISS. If possible, acceleration data will be 
available in the meeting room to allow demonstration of real-time processing and 
analysis. Bjarni Tryggvason offered that the Canadian Space Agency could host a future 
MGMG meeting in either Montreal or in Toronto. 

The regular topics of sensors, accelerometer systems, analysis results, vibration 
isolation, microgravity environment, and science effects will continue to be included. 


NAS A/CP— 2000-2 1 0374 


3 




/ / 



MGMG #19 


Paper Number: 1 


Space Acceleration Measurement Systems 


William Foster 

NASA Glenn Research Center 
Cleveland, Ohio 

The Space Acceleration Measurement Systems (SAMS) Project develops and deploys 
the measurement systems for the Acceleration Measurement Program (AMP). At this 
time there are two types of measurement systems available, quasi-steady and vibratory. 
Orbital Acceleration Research Experiment (OARE) and Microgravity Acceleration 
Measurement System (MAMS) are the current quasi-steady systems available. OARE 
has flown numerous times supporting STS missions. MAMS has been delivered to 
Kennedy Space Center (KSC) for its deployment on the International Space Station (ISS). 
Vibratory measurements have been made and will be made by the Space Acceleration 
Measurement System (SAMS-I) Generation I, Space Acceleration Measurement System 
Generation II (SAMS-II), and Space Acceleration Measurement System Free Flyer or 
Generation III (SAMS-FF). SAMS-I supported 21 STS missions and has been retired. 
SAMS-II will be delivered to KSC to support ISS-6A launch (currently April 19, 2001). 
SAMS-FF has replaced SAMS-I in support of STS missions and has been deployed on 
sounding rockets, the KC-135 and ground facilities. SAMS-FF hardware shall be 
deployed on ISS in the future to provide a more compact solution. 
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Acceleration Measurement History 
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Microgravity Measurement Assembly (MMA), ESTEC/ESA 
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SAMS Generation IV 

- Combination of existing systems and upgrades 

- Control Unit (CU) for ISS; replaces Interim Control Unit (ICU) 
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Remote Triaxial Sensor (RTS) System 
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Remote Triaxial Sensor (RTS) Drawer 
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SAMS ISS Traffic Model 
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Paper Number: 2 


Microgravity Acceleration Measurement System 
(MAMS) flight configuration verification and status 


William Wagar 

NASA Glenn Research Center 
Cleveland, Ohio 

James Fox 
Canopus Systems 
Ann Arbor, Michigan 

The Microgravity Acceleration Measurement System (MAMS) is a precision 
spaceflight instrument designed to measure and characterize the microgravity 
environment existing in the US Lab Module of the International Space Station. Both 
vibratory and quasi-steady triaxial acceleration data are acquired and provided to an 
Ethernet data link. The MAMS Double Mid-Deck Locker (DMDL) EXPRESS Rack 
payload meets all the ISS IDD and ICD interface requirements as discussed in the paper 
which also presents flight configuration illustrations. The overall MAMS sensor and data 
acquisition performance and verification data are presented in addition to a discussion 
of the Command and Data Handling features implemented via the ISS downlink and the 
GRC Telescience Center displays. 
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NASA Glenn Research Center 
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• Attitude Control System Analysis 

• Atmospheric Drag Estimation 


ISS Microgravity Acceleration Measurement 
System (MAMS) Functional Requirements 
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MAMS shall make available, when commanded, the vibratory and 
quasi-steady acceleration environment measurements to the Rack 
Interface Controller (RIC) along with the required Health and 
Status data (per IDD requirements) 



MAMS Functional Block Diagram 
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MAMS Data Path Block Diagram 
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MAMS Upper Subplate Assembly 
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MAMS Lower Subplate Assembly 
(OG 0° , IG 0° ) 
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MAMS Lower Subplate Assembly 
(OG 0° , IG 90° ) 
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MAMS Lower Subplate Assembly 
(OG 1 80° , IG 90° ) 


1 
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Spare OSS LRU 



NASA/CP— 2000-210374 


38 



Miniature Electrostatic 
Accelerometer (MESA 
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Quasi-Steady (OSS) Acceleration 
Channels Characterization Data 
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■ OSS X Axis Acceleration vs. 1 Hz. Sensor Output 
Voltage 


[OSS Scale Factor vs. Operating 



NAS A/CP— 2000-2 ] 0374 


41 


NOMINAL TEMPERATURE F 






OSS S/N 02 Bias Measurements 
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OSS Bessel Filter Frequency Response 
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OSS X Axis ADC Noise Count Histogram 
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ADC counts 


OSS ADC Noise Count Summary 
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OSS X-Axis, ADC Counts vs. Time 
with 1 Hz Sinewave Stimulus 
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OSS X-Axis Acceleration vs. 1 Hz 
Sensor Outnut Voltaee 
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Input Voltage (volts) 



OSS Cylindrical (X Axis) Sensor 
Misalignment Error Check 
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1 . X Axis Mean Acceleration, BCTA @ 0°, 0°: -3 ^ 

2. X Axis Mean Acceleration, BCTA @ 1 80°, 0°: 1 1 97 fag Ua O/P = 1200 fig 

3. X Axis Mean Acceleration, BCTA @ 180°, 90°: 1 122 ng 
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M-g Acceleration 






X Axis Acceleration Count Histogram, 
BCTA at 180°, 0° 
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1194 1195 1196 1197 1198 1199 1200 1201 

M'fl Acceleration 






[Vibratory Acceleration Channels 
Characterization Data 





NASA/CP— 2000-210374 


52 



HIRAP Sensor Butterworth Low Pass 
Filter Freauencv Response 
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HIRAP X Axis ADC Noise Count 
Histogram 
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HIRAP X-axis, ADC Counts vs. Time 
with 100 Hz Sinewave Stimulus 
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Input Voltage (volts) 



MAMS FRONT INSIDE VIEW 
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MAMS Operational Requirements 
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by adaptation parameters 

• Operator command override provided to modify 
operational modes 




MAMS Data Collection Rates 
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MAMS Required Communication 
F unctions 
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■ Health and Status Data to RIC per IDD Table 
1 1 -XXIII 

■ Adaptation Parameter Upload Capability 


MAMS Messages and Telemetry Data 
Type Definitions 
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• Message Types 2-7 transmission can be modified via commands (and adaptation parameters) 

* Express Secondary Header Telemetry Data Type per IDD Table 1 1 -VI 













MAMS Health and Status Message 
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MAMS Command Types 
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Additional MAMS Functions 
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■ Message Formatting 



MAMS FLIGHT CONFIGURATION 
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MAMS Installed in ER#1 
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3.00 /o/ 97 ' - 



MGMG #19 


Paper Number. 3 


SAMS-FF: One system, many missions 


Thomas Kacpura 
ZIN Technologies 
Brook Park, Ohio 

The SAMS-FF system was developed as a flexible, modular system. The advantages 
of this configuration are that the basic platform can easily be adapted for specific mission 
requirements without having to redesign the complete system each time. Mission- 
specific hardware has designed and operated for a variety of different missions, from 
ground-based platforms including drop towers and reduced gravity parabolic aircraft, 
to sounding rockets and the space shuttle. This presentation will describe the hardware 
and mission results of several of the missions supported by SAMS-FF in the last year. 
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SAMS-FF: 
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(MGMG) Meeting 
Tuesday, July 11, 2000 
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and mission results of SAMS-FF over the last year. 



Component Specifications 
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Maximum Scale 1.25g 190°/sec 

Resolution 0. 1 ug 0.1 arc-sec (LSB) 

(sensor soecl 





SAMS-FF on STS-107 

Shuttle Mission (6/0 1 ) 
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SAMS-FF STS-107 
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SAMS-FF STS-107 System Mounted In KC-135 
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Individual parabola data can be based 8 RMS ovcr Uk 

provided post flight upon request 
for further evaluation 



Supporting the 
Spread Across Liquids 
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SAL freefioat vs. PARS boltdown 
quality low-g time Parabola #1 4/30/99 




KC-135 Platforms 
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Terrier-Orion Sounding 
Rocket Mission Results-TSH 
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Terrier-Orion Sounding 
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Time (sec) 






Terrier-Orion 
ing Rocket (Flight 41.020) 
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2.2 Second Drop Tower 
Characterization 
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rermanent system will 
configured based on the 
results of the testing 





2.2 Second Drop Tower 

June 2 1 , 2000 



NASA/CP— 2000-210374 



86 


No appreciable bias or scale factor shift measured on the accelerometers due to the shock of the landing. 



Ground Testing 
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Quietest ground environment measured 
to date (< 0.2|ig for 2Hz BW) 
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Time (hours) 
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data analysis 
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Paper Number: 4 


Microgravity measurement systems in JEM 


Toshitarra Ikeda and Keiji Murakami 
NASDA, Space Utilization Research Center 
Tsukuba-city, Ibaraki, Japan 

National Space Development Agency of Japan (NASDA) has been developing a 
microgravity measurement apparatus (MMA) to be installed in the Japanese Experiment 
Module QEM). We can measure microgravity accelerations for each rack position by 
using MMA. We have the following five experiment equipment on which we need to 
measure accelerations in the JEM-PM (Pressurized Module) for the first generation. 

a) Gradient Heating Furnace 

b) Cell Biology Experiment Facility 

c) Advanced Furnace for Microgravity Experiment with X-ray Radiography 

d) Fluid Physics Experiment Facility 

e) Solution/Protein Crystal Growth Facility 
The MMA will be launched on flight 1J/A in 2003. 

JEM vehicle side has a microgravity measurement equipment (MME) for JEM-EF 
(Exposed Facility). MME consists of three tri-axial acceleration sensors (MME-S) and a 
data handling unit (MME-D). Measurement data are used for comparison with 
structural analysis results of JEM-EF and for reflection to the analysis model and 
method. And the data are also provided for EF payload users. The MME is planned to be 
launch on flight 2J/A with JEM-EF. 
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Toshitami IKEDA and Keiji MURAKAMI 
Space Utilization Research Center, 

NASDA 


Topics 
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Introduction 



Japanese Experiment ModulefJEM 
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Outline of JEM-MMA (2/10) 
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Outline of JEM-MMA (3/10) 
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ISPR layout in JEM-PM 







Outline of JEM-MMA (4/10) 
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inside view of JEM-PM (from Node-2 side) 









Outline of JEM-MMA (5/10) 




Outline of JEM-MMA (6/10) 



Outline of JEM-MMA (7/10) 
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Outline of JEM-MMA (9/10) 




[>-210374 


103 




Outline of JEM-MMA (10/10) 
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JEM Micro-Gravity Measurement Apparatus (MMA) Out I i 



Specifications of JEM-MMA (1/2) 
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Specifications of JEM-MMA 
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Outline of MME for JEM-EF(2/6) 
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Configuration of JEM-EF 







Outline of MME for JEM-EF(3/6) 
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JEM-EF(Enqineerinq Model) 



Outline of MME for JEM-EF(4/6) 
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Concept of MME System (Analog signal 







Outline of MME for JEM-EF(5/6) 
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Microqravitv Analysis 













Specifications of MME(2/2) 
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Operation Concept of MME(1/2) 

MME Measurement Sequence 
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Data Processing Sequence of MME-D 









Operation Concept of MME(2/2) 



ommunications between MME and Ground Systems 














Development Status of Japanese Payloads (2/13) 
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Development Status of Japanese Payloads (3/13) 



Component Manufacturing | GHF System Test 1 Rack Integration Test 











Development Status of Japanese Payloads (4/1 3) 
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Development Status of Japanese Payloads (5/13) 
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Development Status of Japanese Payloads ( 6 / 13 ) 
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Component Manufacturin R — I CBEF, CB~s7stem Test 1 Rack Integration TW 
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Self-Correlation Channels: 288 (Max.) 
Crystal Growth Cell 

Temperature Control Function -1 to 220°C 



Development Status of Japanese Payloads (9/13) 
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nt Status of Japanese Payloads (10/13) 
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Development Status of Japanese Payloads ( 11 / 13 ) 



FPEF,SPCF,IPU System Test Rack Integration Test 





velopment Status of Japanese Payloads (12/13) 
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AFEX Experiment Unit 




Development Status of Japanese Payloads (13/13) 









Summary 
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Suggestion 

- Investigators would like to know how is the microgravity environment on the ISS. 
For the international AO, quasi-steady and vibratory analysis result for each ISPR 
location by the latest DAC should be available for them on the external Web Page 



$00/0/ r/^5 

fOf 

MGMG #19 

Paper Number: 5 


Microgravity outreach and education 


Melissa J. B. Rogers and Carla B. Rosenberg 

National Center for Microgravity Research in Fluids and Combustion 
Cleveland, Ohio 

The NASA Microgravity Research Program has been actively developing classroom 
activities and educator's guides since the flight of the First United States Microgravity 
Laboratory. In addition, various brochures, posters, and exhibit materials have been 
produced for outreach efforts to the general public and to researchers outside of the 
program. These efforts are led by the Microgravity Research Outreach/Education team 
at Marshall Space Flight Center, with classroom material support from the K-12 
Educational Program of The National Center for Microgravity Research on Fluids and 
Combustion (NCMR), general outreach material development by the Microgravity 
Outreach office at Hampton University, and electronic/media access coordinated by 
Marshall. 

The broad concept of the NCMR program is to develop a unique set of microgravity- 
related educational products that enable effective outreach to the pre-college community 
by supplementing existing mathematics, science, and technology curricula. The current 
thrusts of the program include summer teacher and high school internships during 
which participants help develop educational materials and perform research with 
NCMR and NASA scientists; a teacher sabbatical program which allows a teacher to 
concentrate on a major educational product during a full school year; frequent educator 
workshops held at NASA and at regional and national teachers conferences; a nascent 
student drop tower experiment competition; presentations and demonstrations at events 
that also reach the general public; and the development of elementary science and 
middle school mathematics classroom products. 

An overview of existing classroom products will be provided, along with a list of 
pertinent World Wide Web URLs. Demonstrations of some hands on activities will show 
the audience how simple it can be to bring microgravity into the classroom. 
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Microgravity Educational Outreach 
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of our research program. 






NCMR Educational Outreach Concept 
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Leveraging Educational Resources 
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Educational Outreach Products 
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Compilation of activities into a teacher’s guide on hold, limited staff concentrating on higher priority 
projects J 



Educational Outreach Products 



JASON Program/CWRU campus 

National and regional teachers conferences/ U.S. & Canada 
Cedar Point Amusement Park/Cedar Point & GRC 




Educational Outreach Workshops 



NASA/CP— 2000-2 1 0374 


140 


Seltzer Rockets 

4:00 Closing Comments 





Educational Outreach Efforts 
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MGMG #19 


J l f/ 


J 

Jo , r 

Paper Number: 6 


Microgravity effects on microbiology 
in space laboratories 


Emily S. Nelson 

NASA Glenn Research Center 

Cleveland, Ohio 

Elizabeth Juergensmeyer 
Judson College 
Elgin, Illinois 

Margaret Juergensmeyer 
Montana State University 
Bozeman, Montana 

Here we present a review of the effects of residual acceleration on microorganisms in 
space laboratories. Residual acceleration in the microgravity environment is frequently 
ignored by microbiologists, although their experiments may be as sensitive to this 
acceleration as those designed by materials scientists and fluid physicists. Furthermore, 
analysis to date has been largely empirical and/or based on very simple theoretical 
models. As a result, the responses of single cells to the space environment are widely 
assumed to be taking place in “pure” microgravity. These responses vary widely and are 
not well understood. Some of this variation may be due to the range of microgravity 
conditions experienced by the organisms. In the future, as we move from visiting orbital 
environments to living and working there, we will undoubtedly bring microorganisms 
with us. It is also quite likely that the first extraterrestrial life we encounter will be single- 
celled organisms. Therefore, we would like to present a summary of the current 
knowledge base, and to challenge the space community to develop new approaches in 
understanding this important field. 
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Microgravity effects on 
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Objective 
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• assessment of clinical tools for simulating microgravity 

• assessment and design of experimental protocols 



Why study this problem? 
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gravitaxis, gravikinesis, locomotion 
sedimentation, usage of nutrients 



Challenging questions in space microbiology 





A need to challenge to current dogma 
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proliferation and resistance different in space? 
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Another look at microbial growth in space 
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Another look at microbial growth in space 
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Another look at microbial growth in space 
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Another look at microbial growth in space 
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Microbial growth in microgravity 
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Microbes in suspension 
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gravitational torque (due to nonuniform 
internal mass distribution) and viscous 
drag on the organism. 





Microbes in suspension (cont’d) 
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NOTE: Need to incorporate microbial locomotion in 
transport models as well as sedimentation, particularly 
in suspension-dominated growth 



Microbes in suspension (cont’d) 
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function of the strain of E. coli used, additives 
present (here Na 2 C0 3 ), initial concentration of 
microbes and acceleration magnitude 


Summary of microbial growth conclusions 
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Microbial resistance to antibiotics in space 
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Microbial resistance to antibiotics in space 
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Microbial resistance 
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A function of microbo/ontibiotic P3ir (JuergensmeyeretaL, 1999) 





Summary of microbial resistance in space 
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antibiotics in space if resistant (susceptible) on ground 

(Juergensmeyeretal., 1999) 



Graviperception 
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Gravikinesis 
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Search for common ground between fluid physics 
and microbiology 
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• Modeling transport through membranes with local 
concentration gradients 
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- Batchelor (19) 

NOTE: Simple experiment with dye in water can give a good idea of initial 
chamber mixing for typical microbiological systems (ex. E. coli in 0.5 ml water with 
5e5 cells/ml injected into 3.5 ml water ~ pure water for this piece of the puzzle) 





Sensitivity to residual acceleration 
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To date, no systematic studies have been done, 
incorporating all of the relevant physics, for 
acceleration tolerance assessment! 




Simulated gravity through use of centrifuges and 
clinostats 
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Clinorotation * |ag 
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Clinorotation (cont’d) 



microgravity results quite well, but in others, it fails 
miserably. The challenge is to understand why. 




Other problems of relevance 
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• Liposome formation in microgravity yields larger vesicles 

(Classen and Spooner, 1996) 

• Some direct analogies to protein crystal growth 




Conclusions 
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On the evaluation of the overall disturbances induced by 
g-jitter on fluid physics experimentation in the ISS 


Rudolfo Monti & Rafael Savino 
Universita degli Studi di Napoli 
Napoli, Italy 

This paper summarizes a number of numerical results for the evaluation of the 
thermo-fluid-dynamic response of Fluid Physics experiments to the microgravity 
environment prevailing on the International Space Station (ISS). 

In previous works the present authors pointed out that quasi steady (residual-g) and 
periodic (g-jitter) accelerations may be important sources of convective disturbances 
during fluid and material science microgravity experimentation. One of the key results 
of these studies shows that, at sufficiently high frequencies, the velocity oscillates around 
a non-zero average value with the g-jitter period (t), and the scalar quantities 
(temperature and/ or species distributions) are also made up by a steady plus an 
oscillatory contribution. For the typical g-jitter prevailing in a large part of the frequency 
spectrum of the ISS, the amplitudes of the oscillation of the temperature (or 
concentration) distortions are small compared to the steady, time-averaged distortions, 
arising from thermovibrational effects (related to the non-zero average component of the 
velocity field). This fact proves to be of a fundamental advantage for the numerical 
evaluation of the overall effect of many simultaneously acting accelerations, since it can 
be simply computed (i.e. with less computation time) by solving only the time-averaged 
form of the field equations (Gershuni formulation). 

In this paper different study cases (that show a large sensitivity to vibration 
accelerations) have been identified and numerical simulations have been carried out to 
extend the initial model for single frequency oscillation to the multi-frequency g-jitter 
environment of the Space Station (also in the presence of a quasi steady residual-g field). 

The numerical simulations are carried out considering recent predictions for the ISS 
accelerations and solving both the full Navier-Stokes equations with a time-dependent 
body force (that give the "exact" instantaneous time-dependent flow) and the time- 
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averaged field equations, containing all the g-jitter terms (that identify the environment 
of the ISS) grouped in a single parameter. 

It is shown that the overall "time-averaged" disturbances of the thermo-fluid- 
dynamic field, in the presence of the typical microgravity environment of the ISS, can be 
simply evaluated assigning as input to the CFD code a single sinusoidal (equivalent) g- 
jitter based on the overall vibrational Rayleigh number (in the time-averaged 
formulation). 

According to the present results, ISS should be seen as an ensemble of MG platforms, 
due to the substantial differences (in the convective disturbances) encountered by an 
experimental facility when located inside different modules of the ISS (US Lab, COF). 
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3) Effect of residual-g, g-jitter and cell orientation for typical 
experiments located at different ISS locations (US Lab, COF). 



DIRECT INTEGRATION OF FULL SET OF EQUATIONS 
VERSUS TIME-AVERAGE FORMULATION 
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and to compare the results 



REFERENCE STUDY CASE FOR THE EVALUATION OF THE 
DISTURBANCES INDUCED BY THE ISS MGE 
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Non dimensional X-velocity 
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-15.52 Non Dimensional Temperature V ./V =15.37 




NUMERICAL RESULTS 
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EVALUATION OF A LUMPED EQUIVALENT G- JITTER 
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as input to the CFD code a single frequency g-jitter equivalent to 
overall vibrational Rayleigh number Ra v =£Ra vi . 



MULTI-FREQUENCY ISS MICROGRAVITY 

ENVIRONMENT 
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US-LAB Module (NIRA 99) 

G_ Jitter [(15 frequencies) — a. =-90 (deg)] — Time=600 (s)] 

DIRECT FORMULATION TIME-AVERAGED FORMULATION 
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3.15 Non Dimensional Temperature V /V =3.17 




EFFECT OF RESIDUAL-G AND G-JITTER AT 
DIFFERENT ISS LOCATIONS 
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substantial differences (in the convective disturbances) encountered by the 
experimental facility when located inside different modules of the ISS. 



MICROGRAVITY ENVIRONMENT 
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of heat and of species to optimize microgravity processes . 




INFLUENCE OF RESIDUAL-G ORIENTATION Rav = 10000 

(G-JITTER ORTHOGONAL TO DENSITY GRADIENT) Rag = 800 
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INFLUENCE OF G-JITTER ORIENTATION Rav =10000 

(RESIDUAL-G ORTHOGONAL TO DENSITY GRADIENT) Rag = 800 

V =2.21 ANu=0.41 
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(ARIS) 

It seems that orientation is more efficient than Isolation Mount to 
minimize convective disturbances. However, when residual-g is negligible, 
orientation works only if the dominant g-jitter direction is known 




APPLICATION TO THE THERMODIFFUSION 
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Non dimensional Concentration (0-g) 




THERMODIFFUSION IN A METAL ALLOY. DATA-BASE OF 
PHYSICAL, GEOMETRICAL PROPERTIES AND ACCELERATIONS 
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Non Dimensional 
Y- Velocity 
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CONCLUSIONS (2) 
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To experimentally check the above conclusions a number of Fluid Physics 

experiments will be accomodated on an orientable support on ISS (UF#3 
mission) 


MGMG #19 






57 ^ 




Paper Number: 8 


Drag induced acceleration of the Shuttle 
measured with a fluid cell 


Charles A. Ward 
University of Toronto 
Toronto, Ontario, Canada 

When the orbiting Space Shuttle has undergone a roll of 180° and a pitch 90°, it 
experiences an acceleration due gravitational attraction that is directed toward the center 
of the earth, and an acceleration, or drag in the direction opposite to the velocity vector 
that is perpendicular to the gravitational acceleration. Measurements were made on 
STS-87 with a fluid cell that indicates the drag-induced acceleration (mean ± SDV) is 
8±3X1CT 4 g 0 .^ This value is in agreement with the SAMS (Space Acceleration 
Measurement System) measurement, but in disagreement with the OARE (Orbital 
Acceleration Research Experiment) value. 

The value inferred from the fluid cell is obtained by recording the configuration 
adopted by a two-phase fluid held in glass cylinder when present on the orbiting Space 
Shuttle. The recorded configuration is then compared with that predicted for different 
gravitational intensities. The predictions are based on the assumption of thermodynamic 
equilibrium. The value inferred from the fluid cell is larger than expected. Since it is 
based on the configuration that the fluid actually adopts when subjected to g-jitter, the 
result may be a g-jitter effect, or the drag-induced acceleration may in fact be larger than 
expected. To distinguish these possibilities, a series of ground-based studies have been 
performed with rotating fluids. The objective of these studies was to duplicate the 
conditions (temperature and pressure) that the two-phase fluid experienced in orbit. 
With the rotating fluids the conditions can be maintained essentially constant until the 
system comes to equilibrium. Under this circumstance, the assumption of 
thermodynamic equilibrium should be valid. 


1. C. A. Ward, P. Rahirni, M. R. Sasges, D. Stanga, "Contact angle hysteresis in the residual gravita- 
tional field of the Space Shuttle", J. Chem. Phvs. 112, 7195 (2000). 
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MGMG #19 


When the conditions (temperature and pressure) to which the fluid is subjected, but 
produced in the different circumstances (i.e. in rotation on earth and in orbit) are the 
same, the fluid configuration has been found to be the same. Although the drag-induced 
acceleration is larger than expected, it is calculated from the equations of motion to have 
a negligible effect on the Shuttle orbit. Thus, at this time it appears the drag-induced 
acceleration is larger than measured by OARE, but in agreement with SAMS. 
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Drag Induced Acceleration 
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Supported by the Canadian Space Agency 



Drag-Induced Acceleration of the Shuttle 
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Confined Fluid in low acceleration field: 
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Thermodynamic Equilibrium 
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favored configuration is the 
“two-interface”. 




Thermodynamic Predictions 
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Are Thermodynamic Predictions Correct? 
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Thermodynamic Predictions are 
Consistent with other Measurements 
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Thermodynamic Conditions at the Three-Phase Lines 
4 On the Shuttle 
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based laboratory? 



Yes, Using a Rotating System 
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Results from Rotating System 
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If the inferred acceleration is correct, what would be 
the effect on the orbit? 
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Obtain an Iterative Solution to the Equations of Motion 
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Summary and Conclusion 
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Shuttle, the OARE-indicated acceleration is of questionable validity. 







MGMG #19 


Paper Number: 9 


Effects of g-jitter on diffusion 


Bjarni Tryggvason 
Canadian Space Agency 
St. Hubert, Quebec, Canada 

The Microgravity Vibration Isolation Mount (MIM) developed by the Canadian 
Space Agency (CSA) has been used on the Mir space station and the US space shuttle to 
investigate the effect of g-jitter on liquid diffusion. The first version, MIM-1, flew on the 
Mir space station and was operated for over 3000 hours including approximately 100 
experiments on diffusion in liquid metals. The second version, MIM-2, flew on shuttle 
mission STS-85 and was used to support several fluid science experiments including one 
on the effect of Brownian motion. Another experiment conducted on the Mir using the 
MIM was one that looked at nucleation in glasses and the impact of g-jitter on this. These 
three sets of experiments all show an effect of g-jitter on the results. Of significance is 
that the sensitivity to g-jitter was at levels that are typically well below the current 
International Space Station (ISS) vibratory specification. The main results of these 
experiments will be presented along with the g-jitter levels. 
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Quantitative Observations 
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e 1 : 5 microns - Isolated mode 
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— Observed Mean 

Least Square Fit for Observed Mean 
Expected Mean 




Observed Mean 

Least Square Fit for Observed Mean 
Expected Mean 





Figure 3 : 5 microns - 1Hz shaking 
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Least Square Fit for Observed Mean 
Expected Mean 








e 4 : 1 micron - Isolated mode 



Observed Mean 

Least Square Fit for Observed Mean 
Expected Mean 
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more ground experiments 



Ground Based Experiments Conducted 
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emperature controiiea also 



Heat Sink — - 


Insulating Foam 


Screw Extensions 


Nylon Washers 



Thermoelectric 

Cooler 


Copper Heat 
Transfer Spacer 


- Nylon Screws 


Figure 2. Exploded View of Thermoelectric Assembly 
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Foam 

Insulation 



Foam surrounding the 
TECs and copper 
spacers (see Figure 2) 


Bolts and washers 
to fix the 
experiment to an 
optical bench 


Figure 1. Insulated Brownian Motion Cell 
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Fluid Cell Thermal Con 
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Temperature (C) 




Ground Based Experiments Conducted 




NASA/CP 


00 

On 

O 

<u 

Q 

<D 

O 

• i— i 

GO 


<D 

i i 

Id 


o 


a 

d 

CD 

ft s 

o ft 


d 

o 


§ 

a 

o 

<d 


d 

a 

o 

C/5 

a 

o 


d d 

d 

o 

6 > 

C/5 60 

,rH d 


C/5 

d 

* 

S3 

•a 

'w 

T* 

CD 

C/5 

d 

43 


d 

C/5 

• i— I 

?H 

CD 

44 

d 

C/5 

<D 

43 

H 


+-> 

CD 

C/5 

• i-H 

d 

x> 

i-H 

D 
+- » 

C/5 

u 

o 

D 

CD 

rH 



1r{ 

s 

C/5 

D 

D 

f 

o 

* 

d 

o 

• H 

ft 

o 

d 

o 

D 

C/5 

d 

Q 

o 

CD 


CD 

ft 

X 

• i-H 

r A 

43 

H 

o 

C/5 

• i— ( 

C/5 

d 

C/5 

CZj 

< 


43 J3 

d ^ 

■Js 

Id *— < 5a 
d g .3 
sp.a -d 

3 c 

i * 

CD 
43 


C/5 

<D 

CD 


d 

o 

D 


> 

CD 

T3 


> 
w 

ft 

d O 

o <3 

S S 


- 2000-210374 


249 



Density Matching of the Particles to the 


<D 

co 

G go 
cd <D 
Oh q[ 

™ .2 
co ts 
c3 

43 Oh 
O __ 

IS 

£ *e 

»H 

<L> 43 

tS cjh 

F CO 

£ <D 

n3 O 

m & 

CO £> 

2 

t£3 Oh 

• H j-.,- j 

^ <u 

T 3 o 3 

o 

03 O *-h 

CO 2 

^ 3 g 

03 1 ctf 

8 £ « 

3 * -S 

,2 t3 O 

C d O 

« ^ 8 

<c *^h 

H CO £ 


§ w 

Tfl £ 

2 c3 
o 2 
G ^ 

0> 

Vh c 

eg § 

00 S 

G O 

•-s -g 

A 2 

pj in fl 
+-J 1> ‘ZS 

s 

<tt C o 
ja . a 

00 G 
2 G o 

<5 43 *3 

> t5 § 
^ <o 2 

M W H 

G3 -th » 


G G tj w 

a 8 » 6 

<3 > o 

2 J 2 « Jh 
fl G M Td 

S3 XI) 

cs m « 
oo ° G 
CD 1 O fe 

g ^ c c 2 

g go ■£ *2 
g t>o £ x 

| | » s 

.2 I ■§ !a 

i o § i 

pLn lx G Gh 


NAS A/CP— 2000-2 1 0374 


250 



"T 3 

_* 0 > 
- 4 — > 

o 

c 3 ji> 

C 3 & 

5 00 


3 is 

? o 

fiv S 

OX) co 
cd 3 


7 S ^ 

2 *H 

3 § 

Vh 2 
<D 43 


GO O 
CO 

c /3 Q-) 

ja 

<D O *rt 

43 *J3 tn 

1 ti cs 

CO 5 Oh 
CD Oh t_ 

3 -d ^ 
> £ <8 
S g o 

p , JS 4 -“> 

T 3 m 

c3 a> ^ 

^ £ g 

© *o •§ 

4U h-> 

r, CO r, , 

M ^ O 

«; ts 2 

« .S o 


o T 3 5 

■X3 Jh o 

O O p 
Jd O p 
Oh O tR 


NAS A/CP— 2000-2 1 0374 


251 








Root Mean Squared Drift (mi 












Displacement (microns) Root Mean Squared Drift (mi, 



Particles 

Mean Displacement 

Least Square Fit 

Expected Displacement 


X and Y With Linear Trend Removed 
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Relative Power Spectral Density (u A 2/Hz) 
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Displacement 

Terrestrial liquid-metal diffusion measurements of a Cdln/CdSn diffusion 
couple specimen at 690 C for 90 minutes [Tandon, Cahoon and 
Chaturvedi. CSA Interim Report] . 




NASA/CP— 2000-210374 


265 


Displacement 

On orbit liquid-metal diffusion measurments of a Cdln/CdSn diffusion 
couple specimen at 690 C for 90 minutes [Tandon, Cahoon and Chaturvedi. 
CSA Interim Report]. 
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NNB Glass processed in microgravity at 575 K with isolation, showing 
(upper) a crystal phase only around the edge of specimen (enlarged center) 
but not in the specimen center (lower image). 
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NNB glass processed in microgravity having force square wave input with 1 
mg amplitude at 0.1 Hz, showing mixing or streaming of crystal phase from 
edge to center of specimen. 
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MGMG #19 


ft . S 

Paper Number: 10 


Microgravity aspects of 
ACES: Atomic Clock Ensemble in Space 


Walter E. Knabe 
DySAT 

Kirchlinteln, Germany 

ACES has been selected and scheduled by the European Space Agency to fly on the 
International Space Station (ISS). ACES consists of two highly stable atomic clocks, a 
cold atom cesium clock and a (space) hydrogen maser, as well as suitable time and 
frequency transfer systems. 

The innovative element of this space experiment is the laser-cooled Cs clock being 
developed in the French project PHARAO [Projet d'Horloge Atomique par 
Refroidissement d'Atomes en Orbite (A Cold Atom Clock in Space)]. 

. It will be utilizing the microgravity environment of ISS for achieving an appreciable 
improvement over presently available clock performance, particularly in terms of clock 
accuracy. The rationale is, that for the Cs atoms released collectively as individual laser- 
cooled clouds, the interaction periods with the microwave field in the clock cavity can be 
increased considerably (factor of ten) in the virtual weightlessness of orbital flight, over 
the interaction times possible in a laboratory on Earth. 

Major microgravity aspects of the accommodations of ACES on ISS, including local 
micro-g acceleration measurement, will be indicated. 

Support for the ACES/PHARAO is furnished by CNES, BNM, CNES, and ESA. 
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PRESENTATION MATERIAL NOT SUBMITTED AT TIME OF PRINTING 
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MGMG #19 


Paper Number: 11 


ISS microgravity environment 
Design Analysis Cycle 8 


Steve Del Basso 
The Boeing Company 
Houston, Texas 

The ISS Program has developed the eighth Design Analysis Cycle (DAC-8) of the ISS 
vehicle. On result of the DAC is a prediction of the microgravity acceleration 
environment provided by the vehicle to the payloads. The DAC-8 results will be 
reviewed in this presentation. 
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Boeing 

502 Gemini Avenue 
Houston, Texas 
281-853-1603 


Presentation Overview 
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Design Analysis Cycle (DAC) 8 
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Microgravity Team uses DACs for special case studies, e.g. thermal 
induced vibration of PV Array, and Assembly Complete total 
acceleration environment predictions. (DAC6 - April 1998). 


Assembly Complete Configuration 
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DAC8 Quasi-Steady Performance 
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0.570 

1.035 

1.193 

1.121 

1.274 

1.217 

1.364 

1.320 

1.429 

1.566 

1.675 

0.517 

0.640 

1.078 

1.146 

1.229 

1.326 

0.963 

1.045 

1.142 

1.251 

o.‘eo8 ■: m 

j Rack Position in ISS Frame 

Z (ft) 

;;t4:87- 

11.26 

11.26 

11.26 

11.26 

11.26 

16.11 

16.11 

16.11 

16.11 

16.11 

16.11 

16.11 

15.92 

15.92 

15.92 

15.92 

15.92 

15.92 

15.92 

15.92 

15.92 

15.92 

10.74 

10.74 

15.91 

15.91 

15.91 

15.91 

15.91 

15.91 

15.91 

15.91 

>- 

abo 

0.00 

0.00 

0.00 

0.00 

4.84 

4.84 

4.84 

4.84 

-4.84 

-4.84 

-4.84 

-10.02 

-10.82 

-14.32 

-14.32 

-17.82 

-17.82 

-21.32 

-24.82 

-24.82 

-28.32 

14.39 

18.33 

14.39 

18.33 

22.26 

26.19 

14.39 

18.33 

22.26 

2619 

X 

Vr- - 15 . 34 . 
15^55 

12.05 

8.55 

5.05 

1.55 

15.55 

12.05 

8.55 

5.05 

15.55 

12.05 

5.00 
29.66 

40.00 
29.66 
40.00 " 
29.66 
40.00 
29.66 

29.66 
40.00 

40.00 
34.84 
34.84 

40.00 

40.00 
40.00 
40.00 

29.67 
29.67 
29.67 
29.67 

Location 

CG : 

USL-C1 

USL-C2 

USL-C3 

USL-C4 

USL-C5 

USL-S1 

USL-S2 

USL-S3 

USL-S4 

USL-P1 

USL-P2 

USL-P4 

JPM1-A1 

JPM2-F1 

JPM3-A2 

JPM4-F2 

JPM5-A3 

JPM6-F3 

JPM7-A4 

JPM8-A5 

JPM9-F5 

JPM10-F6 

APM-CLG1 

APM-CLG2 

APM-FWD1 

APM-FWD2 

APM-FWD3 

APM-FWD4 

APM-AFT1 

APM-AFT2 

APM-AFT3 

APM-AFT4 
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DAC8 Quasi-steady Individual Disturbance Inputs 
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repeated every 30 minutes. 
Starts at 6000 seconds 








DAC8 Quasi-steady Individual Disturbance Inputs 
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Time (sec) 





DAC8 Quasi-Steady Performance With 
Individual Disturbances 
Delta Comparison 


O) 
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CM 

CO 

•*— 

o 

LO 


c 
o 
a 

£ 
o 
a 

V. 
0 
T- 3 

</> o 

I? 

0 

-i- Q. 


u Component 
% Difference 

147% 

138% 

100% 

64% 

30% 

95% 

81% 

69% 

54% 

58% 

46% 

24% 

65% 

102% 

66% 

83% 

71% 

85% 

74% 

81% 

93% 

97% 

70% 

43% 

185% 

173% 

159% 

147% 

138% 

124% 

117% 

110% 

; Component 
Delta 
Dist-Nom 
(EG) 

f2-HtP9 ajcooco ^ r ' 000)i n , -®^OG)U)oocnajo^'crcr)^NNr-co K o 
©!. O O O O O O O O O O O O O O O O O O O O O O O O *-*-*-*- t— r- 

©ddddddddddddddddodddddddoddddddd ipo 

Li Component 
Nominal 

COG) 

mm 

0.064 

0.063 

0.070 

0.07B 

0.084 

0.087 

0.086 

0.084 

0.083 

0.088 

0.087 

0.085 

0.091 

0.093 

0.092 

0.094 

0.092 

0.094 

0.093 

0.093 

0.095 

0.096 

0.089 

0.093 

0.094 

0.095 

0.096 

0.098 

0.092 

0.094 

0.095 

0.098 

^r:o.692 j --7 

□ Component 
Disturbance 
EG) 

L.' 

S G S < 2°5 OCiDOCDOJa:>a)r ^ Lr>OQDC,0< Mr--’ ,: J'C\joDcr)cr)7-imcDcncr)C\jcr.T-cDcD ao cm 

od. ininncj’-Nin^CMCocMoiocoiosinstDiocoooioncoinTj^i-r-oo c*v u> 

--^--T-’-cviojojc^cNjcNojcvjcvjoi 

o ooooooooooooodddddddddddddddddddoo 

Mag % 
Difference 

0% 

20% 

16% 

12% 

7% 

10% 

3% 

4% 

4% 

4% 

10% 

10% 

9% 

9% 

8% 

9% 

9% 

9% 

9% 

9% 

8% 

8% 

8% 

37% 

34% 

10% 

12% 

13% 

14% 

11% 

13% 

13% 

14% 

Magnitude 

Delta 

Dist-Nom 

EG) 

o.oot 

0.048 

0.037 

0.028 

0.016 

0.027 

0.022 

0.023 

0.023 

0.024 

0.069 

0.064 

0.053 

0.097 

0.100 

0.104 

0.109 

0.110 

0.116 

0.115 

0.118 

0.125 

0.129 

0.193 

0.216 

0.106 

0.137 

0.164 

0.187 

0.105 

0.131 

0.154 

0.172 

M 

Magnitude 

Nominal 

EG) 

OWC\ioco(DO)inwowroin(n»-TfNTtoffitDinsoco(0(j)(£>(Oinwr- 
r:?S?? Tf<0 ® ,f0<I>OJ|vNcr)0>cv i^ , “<c , wcv)coNT-TrsTrc\j(N( 0 ^^in io K 
CllC'JC\ICNJC\IC\iCp<D(OinN«DlOO’-’-(\J(\l( T )n i ?lO<OiniDO’-CMC f ) 0 ) 0 '-CM -qj> o 
doddoodoodddo'^-'^-T--^^T-^^- T -^-od'^^^T* : d-r--^ : -^dr- : 

Magnitude 

Disturbance 

m , 

0.293 

0.269 

0.258 

0.259 

0.293 

0.711 

0.668 

0.625 

0.584 

0.791 

0.735 

0.623 

1.132 

1.293 

1.225 

1.383 

1.327 

1.480 

1.435 

1.547 

1.691 

1.804 

0.710 

0.856 

1.184 

1.283 

1.393 

1.513 

1.068 

1.176 

1.296 

1.423 

Location 

CG 

USL-C1 

USL-C2 

USL-C3 

USL-C4 

USL-C5 

USL-S1 

USL-S2 

USL-S3 

USL-S4 

USL-P1 

USL-P2 

USL-P4 

JPM1-A1 

JPM2-F1 

JPM3-A2 

JPM4-F2 

JPM5-A3 

JPM6-F3 

JPM7-A4 

JPM8-A5 

JPM9-F5 

JPM10-F6 

APM-CLG1 

APM-CLG2 

APM-FWD1 

APM-FWD2 

APM-FWD3 

APM-FWD4 

APM-AFT 1 

APM-AFT2 

APM-AFT3 

APM-AFT4 
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DAC8 Quasi-Steady Performance 
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DAC8 Non-lsolated Performance 
Structural Dynamic Frequency Range 
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DAC8 Performance 
Vibroacoustic Frequency Range 
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Frequency 


Isolated Rack Acceleration Levels 
ARIS Verification Conditions) 





Summary 
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• Potentially significant disturbances still not well characterized, 
(e.g. flight crew systems equipment) - Maintain vigilance. 

• Potential of payload disturbances & structural dynamics, and 
verification process. - Recommend additional efforts to close gap. 
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Quasi-Steady Microgravity Requirements 
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POINT OF INTEREST 


Vibratory Microgravity Requirements 
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interval per axis 


Requirement Applicability 










Lab Standoffs 









Rack Isolation - ARIS 
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MGMG #19 



Paper Number: 12 


Microgravity disturbance database - DAC 8 


Otto Crenwelge 

Dynacs Information & Applied Technology 
Houston, Texas 

A microgravity disturbance forcing function database is maintained by the 
Microgravity Team. The database consists of all Boeing and International Partner 
estimates of their respective disturbances as well as estimates for GFE hardware and 
crew intravehicular activities. A continuing assessment is made of the completeness of 
capture of the disturber equipment list. A continuing assessment is also made of the 
adequacy of all mechanical, acoustical, and flow forcing functions to help pinpoint 
weaknesses that need to be addressed. Thermal forcing functions are treated separately. 
The effects of preventative maintenance procedures are determined, and, if necessary, 
their disturbance descriptions are analyzed, developed, and incorporated into the 
database. 

This presentation discusses the DAC8 Microgravity Disturbance Database. An 
update of the current database is available. The database contains a listing of all 
disturber equipment and their disturbance descriptions. Assessments of the adequacy of 
disturbance descriptions and the completeness of capture of disturber equipment were 
performed for all elements of the assembly complete ISS and presented at the DAC8 
VIPeR meeting, June 1, 2000. These are summarized in the presentation, along with 
comments and issues re the element disturbance databases. 
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Microgravity Disturbances 
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Task Description 
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- Compare disturbance descriptions with test, similarity, 
and analytical data 

- R&M S&MA Allocations, Assessments, and Analyses Reports 

11-13 July 2000 19th Microgravity Measurements Group Meeting crenweige 


Disturber Definitions 
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11-13 July 2000 1 9th Microgravity Measurements Group Meeting crenweige 
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Basis Rating Scheme 
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1 i-i3 July 2000 1 9th Microgravity Measurements Group Meeting crenweige 


Characteristics Weighting Scheme 

(for disturbances external to ISPR) 
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x Other engineering judgement factors 

ii-i 3 July 2000 1 gth Microgravity Measurements Group Meeting Crenwelge 


Adequacy Rating 
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ii-i3 July 2000 1 9th Microgravity Measurements Group Meeting crenweige 


Adequacy Requirements 
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1 1-13 July 2000 1 9 th Microgravity Measurements Group Meeting Crenwelge 


Maintenance 


-P w 

5 § § c 

0 P -.p O 

E c.g-’-g 

£ 2 b c 

— 5 to , D 

0 C -g LL 

O 0^0) 

« 

CL 0 O 

d> > c k 

ir 0 E o 

. - 0 b,OLL 

• - 0 S 5 p ^ 

0 CD O ^ 


jJ* CO 

= CO 
0 0 
CL — 

2 o 
TS 1 

S.| 

0 E 

p 0 

— i_ 

8.i 
> >, 
5-g 
-2-0 
*0 C7) 
0 C 

■s £ 

0 o 

III 

Q_ 0 <D 
” "D D 

& «5 ~ 
CO c 0 
^ o =3 
Q O E 

0 

.P3 | 


p "c 

E aJ 

£ 8 

~ o 

L- M— 

° CL 

0 o 

2 ® 

0 T3 

81 
Q. 0 
h- 0 
O N 

0 ^ 
O cc 


< 2= 


0 0 

g 0 

n <° 

»- -Q 

CL ^ 
Jr 0 

5 Q 


NASA/CP— 2000-210374 


306 


1 1- 13 July 2000 1 9th Microgravity Measurements Group Meeting crenweige 


Summary 


o 



NAS A/CP— 2000-2 1 0374 


307 


ii-i 3 July 2000 19th Microgravity Measurements Group Meeting Crenwelge 



Summary 



NAS A/CP— 2000-2 1 0374 


308 


ii-i3 July 2000 19 th Microgravity Measurements Group Meeting crenwetge 


Summary 


< 

o 


UJ 


oa 

co 

UJ 
3 
<0 
<0 
- o 
o 

UJ 

cc 


o -Q 

3 — 

§■§ 


> (Z 
X) t 


— ca 


c 

>«■“ 
■Q E 

“O 00 

II 

cc* c 


c 

o 
_c 
« 7c 
w 
(0 


p o 


cr>^ 
o 
_ o 
P CNl 


c 

w .2 

co i5 
>> a) 
m t 
c o 
03 o 


P otf 

CO O) 
3 ' 


C\J 


^ Q_ 

§ o-f 
12 | 
o-i 2 e 

— p 5 O 

03 - 

-C 5 <D 

§ & E 

O 


(0 

1 ? 

II 


»8 

v: 

■2 § 
CO. 


2 2 
>< 
03 


1.2 


LU 

CO 

- 2 ? 

03 <0 

cS £ 
"O ~ 

to JO 
0 ) .2 

0) 

> 


03 


tD 2 ( j ) u 

_0 03 o & . 

£ (0*0 
03 2 5 C 03 
CL P -Q O T3 

i— E 3 J5 P 

£ . 9 - % c g 

03 3- T3 75 

CD 03 7:1 


03 

c 

o 


CO 

t 

Z 

UJ 

2 

2 

O 

O 


3 


0.0 rr -a 
CJ c 

E ^ o o3 

P -o ^ - 

co * g> x 

O cf 03 1 — tu k_ 

E~ £ a. rn < & 

- c ^ O) cr 

s O 5 O ^ C a) 

03 -ip 3 (_ 5 -j3 *- 

X Q. ' ^ 03 


>»° . 
w £ o 

03 O i— 
=3 -C 
U W N 
03 — — 

"2 <o 

03 


03 


"O 

m £ - 

10 - W 
«2 CO 
03 03 03 <u 
— T3 _ _ 

>» — X3 c0 
:> 03 03 q. 
X Q C 
co += 2 § 


03 

C 

o 


CD -P 

CO *7= 

03 {5 
00 C 
“3 03 


13 

CL 


uj 2 

y o) < 
5 y q 

o 

03 

z 

b x 




3 < 
2 


0) 

O -o *.£ 

2 c > 
g- co ~ 
2 - o 

•- 3 ® 
r ' O Q) 
§ >,.2 
a> -o > 
O 


£ 

03 


CO 


CO 

00 c 

— 03 

111 

03 a> 2 

c > a. 

-r: 03 
<2 -C 


O 

8 L*f 

c § 
■O $ 
(0 * 
C ^ 
03 O 
03 03 

O 


UJ Z LU 
K LU CC 
CC 22 

13 $ 

O UJ 


UJ 

O > 

<<i 

CD 3 ~ 

a oh 

p UJ < 
H Q CC 

<2< 

a 


UJ 

2 

UJ 

_i 

UJ 


.2 

CL 

E 

o 

O 


o 

CO 


CD 

< 

-1 

co 

3 


03 

-O 

k_ 

3 

t/D 

b 


W c 
u> 03 
z 5 X 3 
c z -S 
3) o ~ 
F c > 

a. 03 2 

3 > CL 

cr p 

03 •*= 


03 

03 

Q. 

E 

o 

O 


o 

tj- 


o 

T“ 

CO 


CC 

Q. 

CO 


* 

O 

o 

-I 

cc 

3 


NASA/CP— 2000-210374 


309 


7 1-13 juty 2000 1 9 th Microgravity Measurements Group Meeting Crenwelge 











Summary 


ISSUES & 

RECOMMENDATION 

Need disturbance, 
equipment, and 
maintenance data. 

None. 

None. 

Need improved 
disturbance and 
maintenance data. 

None. 

COMMENTS 

None. 

Passive element. 

TRRJ isaMGCI. 
TRRJ test 
disturbance 
functions have 
been provided. 

None. 

SARJ test 
disturbance 
functions are 
currently being 
developed. 

MAINTENANCE 
ACTIVITIES 
WITHIN 90 DAYS 

Maintenance lists 
have not been 
provided. 

None. 

None. 

Maintenance lists 
have not been 
provided. 

None. 

DISTURBER 

EQUIPMENT 

CAPTURE 

Disturber 
equipment list not 
provided. 

No micro-g 
disturbers. 

Needs manifest 
check. 

Needs manifest 
check. 

Needs manifest 
check. 
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Summary 


ISSUES & 

RECOMMENDATION 

Need maintenance 
data. 

Need maintenance 
data. 

Need disturbance, 
equipment, and 
maintenance data. 

Need disturbance, 
equipment, and 
maintenance data. 

COMMENTS 

Using USL and 
Hab analytical 
disturbance 
descriptions. 

None. 

None. 

None. 

MAINTENANCE 
ACTIVITIES 
WITHIN 90 DAYS 

Maintenance lists 
have not been 
provided. 

Maintenance lists 
have not been 
provided. 

Maintenance lists 
have not been 
provided. 

Maintenance lists 
have not been 
provided. 

DISTURBER 

EQUIPMENT 

CAPTURE 

Needs manifest 
check. 

Needs manifest 
check. 

Disturber 
equipment list not 
provided. 

Disturber 
equipment list not 
provided. 

DISTURBANCE 

ADEQUACY 

RATING 

6/10 

9/10 

No disturbances 
provided. 

No disturbances 
provided. 
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New Database Format - 

Typical Data Plot 
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Disturbance Database Update 
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Nodel Measured IMV Fan Force PSD 


CM 


a 


Q 

II 

(/> 

H— 

a. 

< 

a> 

LL 

o 

fC 


LL 

o 

"O 

LL 

CD 

C 

CO 

(0 

3 

uu 

cr 


c/) 

> 

T3 


C 


CO 

“D 

Q 

a> 

if) 


CL 

3) 

C 

(0 

o 

CD 

*3 

2 

CO 

1- 


a> 

1l> 

a> 

■D 

O 

o 

o 

CO 

z 

D 


CO 


E 


o 





NAS A/CP— 2000-2 1 0374 


324 


i i-i 3 July 2000 1 9th Microgravity Measurements Group Meeting crenweige 




Comparison of Nodel Measured IMV Force, 

HS Measured IMV Force, ESA Measured IMV Force, and BHV 

Estimated IMV Force 
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Comparison of Nodel Measured I MV Force , 

HS Measured IMV Force, ESA Measured IMV Forces, 
and BHV Estimated IMV Force 
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Y-Direction Vibration - All USL Equipment Operating 
(no CDRA) - Racks S6 and S5 
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MGMG #19 



Paper Number: 13 


ISS microgravity requirements and verification 


Fred Henderson 
Teledyne Brown Engineering 
Houston, Texas 

With the completion of a Payload Microgravity Requirement for Space Station for US 
payloads, the means of payload verification to satisfy the new requirements must be 
established. While programmatic aspects deserve some attention, the immediate 
problem is to define methods that successfully verify new techniques on largely 
unverified on-orbit attachment structure. The MGAIT has developed methods to 
accomplish integration and verify ISS structure behavior if satisfactory data is provided 
by payloads. However, the means of payloads to provide useful data is new and 
unproven. Although it is permissible for payloads to be verified on the basis of analysis 
alone, it is important to realize that few, if any, have the necessary experience to examine 
hardware components and anticipate their likely disturbances without performing tests. 
Furthermore, payloads which change subsystems and sub-payloads on-orbit need 
verified payload models to perform verification from the ground. The purpose of this 
presentation is to suggest how this integration validation process might proceed. 
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Verification Approach (SSP 57011) 
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USL Stage Verification Analysis 
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International Partner Stage Verification 

Analysis 
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PIRN 11 OH Force Limit 

at Integrated Rack Interface 
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PIRN 11 OH Acceleration limit from outside sources 

Response of ARIS Rack to Modeled Rack 



NASA/CP— 200 



PIRN 11 OH ARIS Force Limit from internal sources 

On-Board Force Limits to Meet Off-Board Force Limits 
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The Argument for Test 
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Hazards of Direct Force Measurement 
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Typical Accelerometer Requirements 
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High Frequency Disturbance Measurement 
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Low Frequency Disturbance Measurement 
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Analysis of Test Data 
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Paper Number: 14 


The role of on-orbit stage-specific assessment 
of the ISS microgravity environment in 
meeting ISS Super Board requirements 


Roy Christoffersen & Craig Schafer 

Science Applications International Corporation 

Houston, Texas 

The International Space Station (ISS) is subject to a review process, the Super Board, 
in which the on-orbit performance of the Station during assembly up to the end of 2003 
is evaluated at specific milestones to determine Boeing's award fee. The evaluation 
criteria will include system functionality and science capability, both areas that can be 
expected to include microgravity performance. To support the Super Board, the ISS 
Microgravity Analysis and Integration Team (MGAIT) is exploring the possibility of 
performing a series of on-orbit assessments of the ISS microgravity environment that are 
timed to support the Board's milestones. These assessments would rely heavily on 
structural dynamic and vibroacoustic analytical models that are refined with on-orbit 
acceleration measurement data acquired at specific assembly stages. At each milestone, 
the refined analytical models would be used to predict the expected microgravity 
performance of the Assembly Complete (AC) station. The results would then be shared 
with the Super Board. 

Present Super Board milestones exist at assembly stages 7 A, UF-2, 12A.1, and 1 j/A, 
culminating in a final meeting at the end of December of 2003. To accommodate each of 
these milestones, a cycle consisting of on-orbit measurement, analysis and AC- 
environment prediction is being considered which would follow the major changes in 
the Station's global dynamic and disturbance characteristics that precede each milestone. 
The first analysis cycle based on this scheme, occurring prior to 7 A, would include data 
and supporting analysis from the Active Rack Isolation System-ISS Characterization 
Experiment. Other analysis cycles would occur after on-orbit integration of the SO truss 
segment (pre-UF-2), Solar Power Platform, P3/4 truss and Solar Alpha Rotary Joint 
(SARJ) (pre-12A.l), S3/ 4 truss, SARJ and Node 2 (pre-1 J/A) and the Japanese 
Experiment Module - Pressurized Module (pre-final Board). 
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Initial MGAIT plans call for the on-orbit measurement and analysis cycles to refine 
assembly-stage-specific analytical models by comparing their results to data from the 
Space Acceleration Measurement System-II (SAMS-II), Microgravity Acceleration 
Measurement System (MAMS), and Internal Wireless-based (IWIS) accelerometer 
systems. The improvements, obtained at each assembly stage, in the fidelity of the 
disturbance forcing functions, transfer functions, and ARIS-system model for the on- 
orbit Station components would then be used to assess the degree of conservatism and 
fidelity of the AC analytical model. Because accelerometers will record the integrated 
responses from disturbances from both the vehicle and payloads, the stage-specific 
analytical models would need to include the effects of payloads. 
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The ISS On-orbit Award Fee Plan 
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Superboard has Government and Non-Government (NRC, ACISS 
etc.) members, Chair is ISS Program Manager 


Superboard Evaluation 
Areas of Emphasis 
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Functionality severely limited; re-design required 1-50% 
and/or highly constrained operations result 
Total system failure; i.e., it is unable to perform to 0% 
any degree 


Superboard Evaluation 
Areas of Emphasis (con’t) 



Q) 

L. 

o 

o 

CO 


"D 

0) 

r 

o 

a 

o. 

3 

(0 

(/) 

a> 

c 

■ 

£ 

+-* 

T3 

C 

CO 

</) 

0 


.3 

re 

Q. 

re 

o 

o 

o 

c 

0 
a mm 

O 

<0 


-O 

o N 

V© 

CT" 

S° 

o N 

vP 

o' 

O 

O 

O 

o 

O 

03 

i 

r^ 

■ 

If) 

T™ 

| 

T — 


T _I_ 


N- 

iO 


5> 




_>> 

0 




O 


co .2 

re 
0 


CO 

CO 

0 

o 

o 

ZJ 

CO 

■O 

0 

-c 

o 

Q_ 

CL 

3 

0 

0 

0 

> 

L— > 

O 

.0 

■§ <1> 
^ o 
0 c 

o 03 

.1 i 

0 *§ 
0 

C CL 
CD 

*E o 
c !c 

CD 0 
0 > 
— > 
< -Q 


o 

0 

> 

o 

-I— » 

0 

13 

“D 

T3 

0 

T3 

CD 

i_ 

CD 

0 

“O 

> 

0 
-I— » 

CD 

i_ 

0 

"O 

o 

E 

0 

0 

> 

^4— » 

o 

0 0 
O 


JD 

O 


c 

CD 

E 


>, 


0 

2 % 


0 

o 

0 ‘t 

O 0 

CO O- 


■O 

0 

tr 

o 

CL 

CL 

3 

0 

>. 

re 

tr 

CD 

CL 

0 

0 

> 

-4— > 

o 

0 

in' 

o 0 
o 

0 c 
£ re 

s § 

0 

1 1 
jt: O 
c £ 
O) 0 

CO > 


0 

> 

o 

0 

TD 

~o 

0 

■o 

CD 

i_ 

O) 

0 

~o 

>> 

0 

i_ 

0 

> 

0 

0 

0 

0 

> 

0 0 

o 0 

0 E 
o E 

c= o 

0 t: 

o 0 

CO 


0 

0 

i_ 

03 

0 

T3 

>> 

C 

CD 


■o 

0 

n 

o 

CL 

CL 

0 


c 0 

0 £ 
5 re 
■M E 

O 

0 o 

^ 0 
° CL 

O ® 

c o 

0 Z 
o 0 
CO > 



NASA/CP— 2000-210374 


354 



Award Fee “Take-Back” Scheme 




Maximum on-orbit fee 

that can be earned at Y Milestone evaluation score ■■ Total on-orbit award fee 
milestone (0-100%) earned at milestone 
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Assembly Sequence Rev. F sbopm 

AA r\ i SBOPM ^^SBOPM ^ ^ SBOPM V SBOPM 
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Measurement and analysis 
alignment with SBOPMs 
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3) 12A.1 ms well positioned for ODC-2 data, probably too tight for ODC-3 

4) Likewise 10A ms too tight to get ODC-5 data for S3/4 done in time 

5) ODC-6 too close to Final SBOPM to deliver 

6) Remaining “floating” milestone should go between UF-2 and 12A.1 at 9A.1 


On-orbit measurement, analysis and 
MG environment prediction strategy 
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The evolved AC analytical model will be used to predict the AC 
environment prior to the next Superboard milestone 

Comparison of the predict AC environment to ISS requirements will be 
shared with the Superboard 






















Process 1 : Stage-Specific Measurement and Analysis Cycle 
Refinement of the Stage Specific FEM/SEA models based on on-orbit measurements 
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Process 2: AC Environment Prediction 

Assembly-Complete MG environment prediction using AC analytical model 
components “refined” during stage-specifc cycle, and “other” components not refined on orbit 
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ODC-2 . °DC 3 ODC-4 ODC-5 1 ODC-6 








Conclusions 
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More thought to realistic and better integrated 
measurement/analysis schedule relative to SBOPMs 


MGMG #19 
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Paper Number: 15 


ISS assembly sequence 


Steve DelBasso 
The Boeing Company 
Houston, Texas 

The current assembly sequence and schedule of the ISS Program will be reviewed in 
this presentation. Emphasis will be placed on microgravity science and environment 
features of the assembly phase. 
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Boeing 

502 Gemini Avenue 
Houston, Texas 
281-853-1603 


Presentation Overview 
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Assembly Complete Configuration 


00 
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Interim Assembly Sequence, Revision E - 5, CR3412A 

4/18/00 
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Jun-05 UF7 C e ntrifuge Accom m odations Modu le (C AM) 

Jul-05 ItS 11 Soyuz TMA 

Jul-05 UF6 RSPs.lSPRs {on MPl M ); 2 PVbatterysets (on SLP) 

Sep 05 16A Hab (5 Hab s ys racks. RSRs, ISPRs) - (g) 


NASA/CP— 2000-2 1 0374 


371 




July 2000 
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UF-1 

August 2001 
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UF-2 

January 2002 
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Comparitive Mass Properties Of Selected Stages 






Microgravity Periods 
(2000 - 2005 DAC8 Results) 
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Quiet Period 11 ' ' Disturbing Events □ undock 

A Reboost 
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, , , , ODock X Other 

Quiet Period 1 J Disturbing E vents: □ Undock 

A Reboost 
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Paper Number: 16 


Microgravity Emissions Laboratory 
facility and testing results 


Anne McNelis & Thomas Goodnight 
NASA Glenn Research Center 
Cleveland, Ohio 
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by October 2000 
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the component 
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Configl 12VDC Figure 13 Conf ig2 12VDC 








NASA/CP— 2000-210374 


394 






NASA/CP— 2000-210374 


395 



. * 


Jvk 


S. . 
r ■ .. 






“W' * ^ * 


* <■ 


sv , : 


, It 


■* „ 


';> I 


•A. 


'•* i * ’■ 

i 


'^VS 




^ ** -. 



• . * 


* 


#* 


•* • 

: ;\s 

* n *i 




: ;+..-V 


OS 

OS 

** 

o< 

<y 

w 

0> 

> 

# C 

A 

© 

On 

« 

H 


ON 

> 

o 

Z 

<« 

© 

H 

s 

es 

fa 

© 

p o3d 

fl 


s 

S 


pS 

o 

G 

© 

PQ 

05 

© 

•pN 

ft 

O 

pS 


© 

© 

u 

© 


22 ^ m 
S fa fa 

c y. u 

C0 fa fa 


s 

s 

■:E 

p© 

© 

fa 


■ 

O 

M 

m 

© 

05 

ft 


•pp< 


■pS ° 

1 -s 

-s «J C 
D « © 
D -S 

0« C8 

*?■ © g 

X M 

•P* *N 

*3 § 

2 ® 

4> a> 

«5 ^ 

W © 
do y s 
s ta a. 


T 


■ \. <h. 


PT 


jt 

’* i p 


\ i. 
■ >• / 






;>: » T^V- , ! 


^v. ^ * 

"V i * 


NASA/CP — 2000-2 10374 


396 


■ PCS (May 00) 

■ MEL platform forcing function evaluation test 
(10+ Hz) 
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investigated 

Transient processing is crucial to success for “noisy 
payloads 

Rack payload fixture under development 
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MGMG #19 


Paper Number: 17 


g-LIMIT status briefing 


Mark S. Whorton 

NASA Marshall Space Flight Center 
Huntsville, Alabama 

For many microgravity science experiments in the International Space Station, the 
ambient acceleration environment will be exceed desirable levels. To provide a more 
quiescent acceleration environment to the microgravity payloads, a vibration isolation 
system named g-LIMIT (GLovebox Integrated Microgravity Isolation Technology) is 
being designed. g-LIMIT is a sub-rack level isolation system that can be tailored to a 
variety of applications. Scheduled for launch on the UF-1 mission, the initial 
implementation of g-LIMIT will be a Characterization Test in the Microgravity Science 
Glovebox (MSG). g-LIMIT will be available to glovebox investigators immediately after 
characterization testing. Standard MSG structural and umbilical interfaces will be used 
so that the isolation mount is transparent to the user with no additional accommodation 
requirements, g— LIMIT consists of three integrated isolator modules, each of which is 
comprised of a dual axis actuator, two axes of acceleration sensing, two axes of position 
sensing, control electronics, and data transmission capabilities in a minimum-volume 
package. In addition, this system provides the unique capability for measuring absolute 
acceleration of the experiment independent of accelerometers as a by-product of the 
control system and will have the capability of generating pristine accelerations to 
enhance experiment operations. 
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Scheduled for launch on UF-1, August 01 (Rev E 
Assembly Schedule) 
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PR3 Preboard December 10, 1999 

PR4 Kickoff June 6, 2000 (hardware delta-CDR and software CDR) 
PR4 Preboard June 30, 2000 

g-LIMIT scheduled for launch on UF-1, August 2001 (Rev E Manifest) 
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Baseline SISO Controllers 



Frequency (Hz) X-axis 
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Paper Number: 18 


Fundamentals of microgravity vibration isolation 


Mark S. Whorton 

NASA Marshall Space Flight Center 
Huntsville, Alabama 

In view of the utility of space vehicles as orbiting science laboratories, the need for 
vibration isolation systems for acceleration sensitive experiments has gained increasing 
visibility. This presentation provides a tutorial discussion of microgravity vibration 
isolation technology with the objective of elaborating on the relative merits of passive 
and active isolation approaches. The concepts of control bandwidth, isolation 
performance, and robustness will be addressed with illustrative examples. Concluding 
the presentation will be a suggested roadmap for future technology development 
activities to enhance the acceleration environment for microgravity science experiments. 
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Presented to the 19 th Microgravity Measurements Group 

Cleveland, Ohio 
July 11-13, 2000 
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What is Vibration Isolation? 
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Frequency (Hz) 


Spring-Mass-Damper System 
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the mass to the base acceleration (or position) input. 

• specifies the attenuation of base motion as a function of frequency. 

• use of springs, masses, and dampers for attenuation is known as “ passive 
vibration isolation ” 





Passive Isolation Approaches 


0) © 
c E 

o a 
w © 
>X 

2o 

Q 5 © 


o< 

U_ 

C/3 



si 

o 


Q> 

si 

o 

s 

sS 

£ 

•»* 

>3 

5 


o 

CD 


C/3 


(1) C3 
U O 


f-H 

a* 

X) 

Oh 

cd 

C/3 

a> 

r . 


4— > 

o 


4— > 

o 

EJ 


o 

<D 


• 

^a> 

13 

<d 


13 

00 



c/3 

• 

• 


• 


G 

O 

. rH 

c3 

G 

G 

<D 


NAS A/CP— 2000-2 1 0374 


433 



Normalized Frequency (rad) 



Active Control Approaches 
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Feedback Control Illustration 
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Passive & Active Isolation Comparison 
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• Performance : how well is isolation achieved? 

• Robustness : how much uncertainty can be tolerated while preserving 
stability or performance? 
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multivariable coupling 
sensor & actuator dynamics 


Marshall Space Flight Center Robustness vs. Performance MSFC A^sr'lDfp“n, 
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Robust multivariable microgravity vibration control systems 
maximize performance for a specified bounded set uncertainties 


Design for Nominal Performance (NP) 
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Design for Robust Stability (RS) 
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Design for Nominal Performance and Robust 

Stability 
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Fixed Order Mixed Norm Design Philosophy 
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Future Directions for jug Vibration Isolation 
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Significant technology transfer potential 

Demonstrated in various aerospace vehicle 
applications 


MGMG #19 


Paper Number: 19 


Active Rack Isolation System 
program and technical status 


Glenn Bushnell 
The Boeing Company 
Seattle, Washington 

Ian Fialho 

The Boeing Company 
Houston, Texas 

The Boeing Active Rack Isolation System (ARIS) is one of the means used to isolate 
acceleration-sensitive scientific experiments from structurally transmitted disturbances 
aboard the International Space Station. The presentation provides an overview of ARIS 
and technical issues associated with the development of the active control system. An 
overview of ARIS analytical models is presented along with recent isolation performance 
predictions made using these models. Issues associated with commanding and 
capturing ARIS data are discussed and possible future options based on the ARIS ISS 
Characterization Experiment (ICE) Payload On-orbit Processor (POP) are outlined. An 
overview of the ARIS-ICE experiment scheduled to fly on ISS Flight 6A is presented. The 
presentation concludes with a discussion of recent. developmental work that includes 
passive rack damping, umbilical redesigns and advanced multivariable control design 
; methods. f 

References: 

1. D.L. Edberg and B.W. Wilson, "Design and Testing of Reduced-Stiffness Umbilicals for Space Sta- 
tion Microgravity Isolation", AIAA Paper # 2000-1408 in Proceedings of the 41st AIAA Structures, 
Structural Dynamics and Materials Conference, Atlanta, April 2000. 

2. I.J. Fialho and S.K. Thampi, "The Interplay Between Hardware and Control System Design in the 
Development of the Active Rack Isolation System", AIAA Paper # 2000-1818 in Proceedings of the 
41st AIAA Structures, Structural Dynamics and Materials Conference, Atlanta, April 2000. 

3. I.J. Fialho, "H* Control Design For The Active Rack Isolation System", Proceedings of the Ameri- 
can Control Conference, pp. 2082-2086, Chicago, June 2000. 
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ARIS Operation Overview (Qj0£J£fAf£r 

(User Selected Control Parameters 
and Filters) 

ARIS Active Rack Isolation System 
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Rack Damping 
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Alternate Umbilical Designs 
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Alternate Control Design Approaches 
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STATION UMBILICAL 
STANDOFF STRUCTURE 



AR1S Predicted Isolation Performance 
Rigid Rack, 1272 lbs 

ARIS Active Rack Isolation System 


<N 



NASA/CP— 2000-210374 


473 


Predict 12 dB better isolation at 10 Hz with redesigned 
6 KW power umbilicals 




NASA/CP— 
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Rack levels include combined response to, 1)8 non-vent station 
transient disturbances, 2) the worst case station vent disturbance, 3) 
station steady state disturbances, 4) ARIS acceleration measurement 
noise, and 5) ARIS equipment. 
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Isolation is generally better at the top (away from umbilicals), 
but performance is dependent on CG location. 





Isolation Improvement At Verification Points 
CG Cases Enveloped, Flex Body, Stiffness Case 5 

ARIS Active Rack Isolation System 
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Stiffness variation has some impact below 1 0 Hz. 
Trends remain. 




Isolation Improvement For CG locations 
VP Cases Enveloped, Flex Body , Stiffness Case 3 

ARIS Active Rack Isolation System 
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Isolation is generally better with the CG lower in the rack (closer to 
umbilicals), but performance is dependent on verification location. 




Isolation Improvement For CG locations 
VP Cases Enveloped, Flex Body , Stiffness Case 5 

ARIS Active Rack Isolation System 
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Stiffness variation has some impact below 10 Hz. 
Trends remain.. 
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Better to have microgravity payload near CG 
(rigid body considerations only) 



X Axis Versus Worst Input Direction Isolation, 
Envelope Over All CG and VP variations, Flex Body 

ARIS Active Rack Isolation System ^ 
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Isolation improvement trend increases with frequency up to 5 Hz 
Response above 5 Hz dependent on umbilical and rack dynamic response 




Y Axis Versus Worst Input Direction Isolation, 
Envelope Over All CG and VP variations, Flex Body 

ARIS Active Rack Isolation System 
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Umbilicals in Y and Z directions are twice as stiff as X direction 
Improvement strongly dependent on CG, VP, and stiffness variations 
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Frequency (Hz) Frequency (Hz) 
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SRAM, 400 KB max) 

ARIS capability to transmit real 
time data over 1553 not utilized 











1 


o o 
£2 o 

S3 <D 
O 

O fl 
43 ° 

•> 4— > 

^ «* 

Oh T 3 

O CO 

^ a 

?-i 

o ^ 

C/3 

CO — 1 

8 

o H 

Vh s '-^ 

Oh Vh 

o S 

\ C/3 

M (D 

1> 9 

43 P 

^ £ 

c 

.J3 H-» 

43 O 

‘> ° 

£ Oh 

a to 

O « 

43 H . 
x> £ >> 

3 ~ S3 
O M O 

° M 

» — i if 

S oT- 

° n u 

<u 5^ a 

43 ^ S3 

Vh rrt 

a o 2 

<tf c« P3 

o g U 

5 g E 
<j 2 o 
Q fi * 


CD 

CO t 

T— 

Csl 

L_ 

i— 

0 

0 


-4— H» 


H= 

1 ® 

13 

1 O 

o 

o 

o 

03 

0 

0) 


c 


o 

03 

rtl 

0 

c n 

O 

o 

o 

CL 

j< 

LL 

LL 

,o 

O 

9 

q 

CD 

CD 



03 

sz 

C 

o 

O 


13 

i C/3 

o 

1 O 

o 

CL 

< 

00 

03 


o o 

< CL 

LL LL 

O O 

a a 




CD j 

CD 

CD 

"0 

h- 

00 

> 

0 

0 

0 

-♦— » 


> 


*= 

L. 



0 

0 

0 

*0 

O 

O 

o 

o 

“D 

0 

0 

CL 

4— » 



D 



o 


CL 

c 

o 

03 

03 

0 

c 

E 

13 

J3 

i 

03 

fc 

L» 

o 

L» 

C 

CL 

CD 

< 

LL 

LL 

U_ 

O 

O 

O 

Q 

Q 

Q 

CD 

CD 

CO 


+= CDICD 


IS <£ 

03™ 

CD E 

■£ 13 
.E GO 

"O T3 


CD 



* n t* rd 



0 



i+= 

CD 

CD 

0) 


CM 

0 

0 

0 

0 



C 

*4= 


4= 

-Q 

-Q 

03 

0 

0 


c 

X) a) 

i i 
i »° 

O o c o 
a) co ro co 
o zj E => 
o o e ° 
u_ < § < 

oo co O co 


NASA/CP— 2000-2 1 0374 


486 


Maximum File Size = 100,000 Words 
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magnitude below the requirement. 
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Maximum data rate = 30 words per ms 
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Command & Data Handling Configuration 

ARIS Active Rack Isolation System 1 



GSE : GSE 














Active Rack Isolation System 
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ARIS ICE Status 
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12/17/99 


Outline 
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08/31/99 0 ARIS-ICE 


ICE High-Level Objectives 
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Hardware Summary 
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ARIS-ICE Payloads and Rack Layout 
for Station Shake Tests 
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Shaker Assembly: Section View 
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Station-Shake Configuration 
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Station-Mounted Shaker 
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Rack-Shake Configuration 
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ARIS-ICE Payloads and Rack Layout 
for Rack Shake Tests 
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Rack-Mounted Shaker Assembly 
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Predicted Shaker-Induced 
Acceleration Environment 
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Control Parameter Selection Method 
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6DOF Control Parameter Selection Method 
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Mission Success Criteria 
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Acceleration Cancellation Tests 
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Characterization & Performance Capability 
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ICE Data Interface Configurations 
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ICE Operations Overview 
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ARIS-ICE Timeline 
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MGMG #19 


Paper Number: 20 


Microgravity Vibration Isolation Mount (MIM) update 
and CSA plans for isolation systems on the ISS 


Bjarni V. Tryggvason 
Canadian Space Agency 
St. Hubert, Quebec, Canada 

Over the past eight years or so the Canadian Space Agency (CSA) has developed and 
flown in space the Microgravity Vibration Isolation Mount (MIM). The first version, 
MIM-1, flew on the Mir space station and was operated for over 3000 hours in support of 
several material science and fluid science experiments. The second version, MIM-2, flew 
on shuttle mission STS-85. This work has demonstrated both the need for isolation 
systems on the International Space Station (ISS) and the success of the approach used for 
the MIM. Over the past two years the work has shifted to addressing CSA science needs 
on the ISS. Two quite different systems based on the MIM technology are planned for the 
ISS with launches expected in 2003. One system, the Microgravity Vibration Isolation 
Subsystem (MVIS), has been developed in collaboration with the European Space 
Agency and will be installed into the ESA Fluid Science Laboratory. The second system, 
the MIM Base Unit (MIMBU), will be installed into an EXPRESS rack and will be 
designed to support numerous material science and fluid science experiments. These 
systems and their expected performance will be described in the presentation. 


NASA/CP 


2000-210374 


521 















C/5 

c 

o 



o 

o 

o 

(N 



NASA/CP — 2000-2 1 0374 


522 


Canadian Space Agency 




NAS A/CP— 2000-2 1 0374 


523 





NASA/CP — 2000-2 1 0374 


524 


SCSI Interface 
for data archiving 



MIM- 1 Operations on Mir 
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Processed more than 200 samples 



Format for Presentation of Time Histories for 
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Accelerations on Mir as Measured with the 
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Accelerations on Mir as Measured with the 



( z H/Zv g ojoiui) XjisuaQ pupadg jomoj 


NASA/CP— 2000-2 1 0374 


530 


Frequency (Hz) 




Accelerations on Mir as Measured with the 
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Spectrum for Low Frequency Acceleration on Mir 
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Spectrum for Low Frequency Acceleration on Mir 
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Spectrum for Intermediate Frequency Acceleration 
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Frequency (Hz) 




MIM-1 Operations on STS-85 
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Motion of encapsulated bubbles 
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Acceleration on the Shuttle 
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Accelerations on the Shuttle 
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MIM-2 Isolation Transfer Function 
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Stator (shuttle) 

Flotor (MIM isolated platform) 
ISS Vibratory Specification 




Acceleration on the Shuttle 
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MIM-2 Isolation T ransfer Function 
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Actual Transfer Function 
Modelled Transfer Function 




MIM Driven Mode - Random 
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Measured Stator and Flotor Accelerations 
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Actual Flotor Acceleration 
Actual Stator Acceleration 
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Modelled Flotor Acceleration 
Actual Stator Acceleration 




Transfer Function between the Flotor and Stator Accelerations Obtained 
in Ground Testing with the MIM-2 Flotor Supported Using a Pendulous 


co 

o 



(sp)a*0 


NAS A/CP— 2000-2 1 0374 


553 



Predicted Transfer Function between the Flotor and Stator 

Accelerations for a 
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Comments on Acceleration Environment on Mir and 
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CSA Plans for Isolation Systems on the 
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MIMBU Installed in Double Locker Sized Water 
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MIMBU Performance Goal 
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MIMBU Status 
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DECLIC (CNES) 





MVIS for the ESA FSL 
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FSL FCE/MVIS KC-135 
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Issues for Science on ISS 
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MGMG #19 


Paper Number: 21 


US Lab microgravity tests: accelerations, transfer 
functions, comparisons with analyses 


Otto Crenwelge 

Dynacs Information & Applied Technology 
Houston, Texas 


Ed O'Keefe 

The Boeing Company 

Huntsville, Alabama 


Mark Miller 

The Boeing Company 

Seattle, Washington 


Wei-Joe Sun Vinod Shekher 

The Boeing Company PDS Technical 

Houston, Texas Huntsville, Alabama 

Microgravity measurements and tests were conducted on the US Lab (Destiny) at 
KSC in December 1999 and February 2000. The tests were conducted in three parts. 
Measurements were made of rack and structure accelerations and cavity sound 
pressures induced by the operation of intermittent and continuous USL equipment 
items, subsystems, and combined systems. Acoustical power-to-sound pressure and 
acoustical power-to-acceleration transfer functions were measured during operation of a 
calibrated sound power source with USL equipment shut down. And mechanical force- 
to-acceleration transfer functions were measured via application of calibrated hammer 
impulses and vibrator swept sine excitations to racks and structure with USL equipment 
shut down. 


The data are being reduced in the form of narrowband power and energy spectral 
densities, transfer functions, and coherence functions and 1 /3-octave band rms and peak 
spectra and transfer functions. Analytical predictions of accelerations, sound pressures, 
and transfer functions for the ground test configuration are being compared with the 
ground test data to determine the degree of conservatism inherent in the analyses. These 
correlations are producing confidence factors that will be applied to analytical 
predictions of on-orbit responses and transfer functions to obtain improved estimates of 
these quantities. 
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In addition, the effective sound power of the operating USL equipment systems will 
be obtained by extracting the acoustical power-to-sound pressure transfer functions 
from the measured sound pressures. These sound powers will then be used with the 
acoustical power-to-acceleration transfer functions to calculate the portion of the 
measured accelerations that were induced acoustically by the USL equipment. The 
portion of the measured accelerations that were induced mechanically by the USL 
equipment can then be computed by extracting the acoustically induced accelerations 
from the total measured accelerations. Finally, estimates of the effective mechanical 
forces of the operating USL equipment systems can be obtained by extracting the 
mechanical force-to-acceleration transfer functions from the mechanically induced 
accelerations. 

This presentation discusses results to date and future plans. The US Lab test data 
represents the best measured data available to date to the ISS microgravity community 
and will be useful to both vehicle and payloads providers alike. The data illustrates the 
microgravity acceleration environment expected during operation of US Lab equipment 
that is identical to, or typical of, equipment being used in all ISS pressurized modules. 
Measured transfer functions are presented which provide confidence in element model 
predictions. Force and sound power disturbance functions to be extracted in the near 
future will provide much improved descriptions of these quantities than is currently 
available. 
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Microgravity Measurements 




Microgravity Model: 
Source - Path - Isolator - Receiver 


CM 
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Accelerations at payload locations result from the combined effects of source force & 
sound power, structural & acoustical transmission paths, and ARIS attenuation 

1 1-13 July 2000 i gth Microgravity Measurements Group Meeting crenweige/o’Keefe/Miiier/ 




Microgravity Test Objectives 
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MICROGRA VITY TEST OBJECTIVES (cont. ) 
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US Lab Disturber Equipment 


in 



CD 

>H 

CO 

CD 


>* 

CO 

CD 


>% 

CO 

CD 


CO 

<0 

CO 


ic 

CO 


> 

CO 


CD 


NAS A/CP— 2000-2 1 0374 


575 


ii-i 3 July 2000 19th Microgravity Measurements Group Meeting crenweige/o’Keefe/Miiier/ 

Sun/Shekher 




Equipment Operating in All Source, CDRA, & 

Baseline Runs 
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US Lab Exterior Test Equipment 
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DATA ANALYSIS PROCEDURES 
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Data Reduction Requirements 
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X-Direction Vibration - All USL Equipment Operating (no CDRA) - Racks S6 & 
S5 and Standoffs X2 & XI at S6/S5 Interface 
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Y-Direction Vibration - All USL Equipment Operating (no CDRA) - Racks S6 and S5 
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Z-Direction Vibration - All USL Equipment Operating (no CDRA) - Racks S6, S5, and F6 





R-Direction Vibration - All USL Equipment Operating (no CDRA) - Standoffs XI, X2, & X3 at 

Rack Interfaces 6/5, 5/4, 4/3, & 2/1 
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Comparison of Operating and Baseline Data for X-Direction 
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Comparison of Operating and Baseline Data for Y-Direction 
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Comparison of Operating and Baseline Data for Z-D 




Comparison of Operating and Baseline Data for Standoffs 

(R-Direction) 
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Comparison of Operating and Baseline Data for Longerons 

(R-Direction) 
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All Source (except CDRA) Induced Y-Direction Acceleration on S6 
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All Source (except CDRA) Induced Y-Direction Acceleration on S5 
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All Source (except CDRA) Induced R-Direction Acceleration on X2 at S6/S5 IF 
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All Source (except CDRA) Induced R-Direction Acceleration on X2 at S5/S4 IF 




All Source (except CDRA) Induced R-Direction Acceleration on X2 at S4/S3 IF 




All Source (except CDRA) Induced R-Direction Acceleration on X2 at S2/S1 IF 
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FEA Predicted vs Measured Response ■ X2 Standoff at S6/S5 IF 
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FEA Predicted vs Measured Response - X2 Standoff at S5/S4 IF 
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FEA Predicted vs Measured Response - F6 Rack 
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FEA Predicted vs Measured Response - S5 Rack 
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FEA Predicted Response / Measured Response (16-100 Hz) 
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SEA Predicted vs Measured Transfer Functions 
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Results to Date 
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Assumptions & Conclusions 


o> 

^r 


o o 

O 3 
LO £ 

H- 

O C/) 

-o o 

m -m 

o vi, 

■*-» -jC 

</) o 

.E to 

1— 

0 +- 

ir> 

1 w 0) 

V> O Vi 

£ § O 
O o 

§T3« 

® C® 

Q) ■*> 

o?o 

A c n 

1o 3 *- 
c © O 

.2 o>® 

•<— I c 

3 c co 

2 O-C 


co A 

■o j 2 

GO § 

Be 

■O g> 

II 

i- O 
D>»- 

-I ^ 
3 CO 

J= w 
-2 
» o 
§E 

■s V 


®S CO 
5 CO 3 JB 
<-> ■— O *“ 
0) O £ *- 

.Q a> o»s 

coa (SO 
<D Q. -C J. 

22 S° 

a) o o 3 
<5 c z .a 

11 • 


W cC 

§ 

• S& 


§ § 

5 £ 

o o 

<D -Q 

m < 


NASA/CP— 2000-210374 


619 



Work Completed 


o 

m 


! 1 


< C 

cr o 
o ‘-p 
o 2 


<o c 

-*-* (D 

<0 c 

© c 

I- CL 

>> 3 
.ti a- 
> a) 
(0 +* 
i- 7- 


2} ca 

o •§ 
o ~ 
< £ 
* “2 


1 3 
© S 

"O <o 

C 3 

ca o 
_r 3 

^ .E 
.E c 

-Q O 

E « 
o ^ 
o c 
^ <0 


-O 

!> c 

I 2 


c 

o 

O <0 

“2 » 
£ © 
© L. 


c /)♦♦♦♦(/) 


TJ 

c 

3 

O 

w </> 

? I 

<0 

c < 

•2 £ 
<*“s o 

CD SO 
O ®> ■a 
• 0) c 

co o co 

^ fc> © 

© m 

03 T3 - 
m 3 

■D o © 

C 3 » 

(0 T3 = 
£ C (0 

£ Z © 

PC*' 
i_ O t 

« o £ 

£, T3 © 

c © 
= © o 
.2 © = 
^ o ni 

»s! 

■O w © 
£ = 8 
(0 < m 


T3 

0) 

a 

-o < 

C UJ 

’I C/) 

© 

^ 00 

© -r 

-c < 

co |jj 

"O LL 
c " © 

© c g 
fc O O 
c S o- 
| CO © 
P i. 0) 

« 3 £ 

o) S 

— :— O 
CO c *S 


I- o iZ C 

.2 § © .2 

o — © Z 

c (0 g c 

££S£ 


a> "D 

i § 

CD O 


13 *- 

<D © 

1? 
I S 
< s 

DC .2 


0) .= 

8 g 


i2 o < £ 

■ o . . 


•O 

c 

« 

a 

« I 

t 2 

&8 

<D ^ 

*- © 
4-» 
© 

O *o 
O 4- 
— co 

* © 
o H 


"D >- 
0> © 

ii 

? 5 

2 I 
8 I 
»— / \ 


< £ 


C © 

8 © 

*- £ 
© © 2 

5 8 c 

!§s 

2 a © 

o © ii 

i. © © 

O 

Jr C o 

£ o o 

4 = © 

°» © 6 
:= © V 
© © 2 
o o p 

» o o 

w " 

© < < 
< UJ Li J 
d) U. ll 
T 3 

0^4 


NASA/CP — 2000-2 1 0374 


620 



in 


c 

•S 

Q» 

S 

i 

5 


c 

o 

0 ) 

<D 

2 

o 

o 

e 

o 

O 

(/) 

CO 

o 

o 

"3 

(/) 

-1 

_J 

CL 

2 

o 

LU 

O 

o 

LU 


> 

o 

LU 

$ 

> 

< 

O 

co 

CO 

CO 

3 

CO 

o 

o 

O 

T— 

CO 

CO 

co 

CO 

in 

in 

© 

CO 

i 


00 

CO 

00 

co 

i 

CO 

i 

1 

o 

1 

© 

i 

o 

6 

■ 

i 


O 

o> 

a> 

T- 

o> 

L 

O) 

s 

C) 

o 

in 

In 

T“ 

LO 

LO 


r- 

5> 

LL 

CD 

CD 

CD 

a> 

> 

CO 

1 

CD 

CO 

CD 

■ 

■ 

N* 

N 

i 

h- 

■ 

T* 

i 

i 

T“ 


tit 

<u « 

ll 


<D CM r- 


<2 co 

1 .1 

2 2 

o ^ 


^ 2 S 3 £ 


o> 
o 
o 
<u 

"O 

<D 

m ^ 

9 ? 

£2 Z 

1 - c 
w 0 ) 
08 £ 

■a .9- 

C 3 

<o ST 

O 4) 

S 8 

8 1 

* 3 * 0 ) 

c c 

o z 

43 (0 

O 3 
3 !5 

“O > 

£1 

CO “ 


0 ) 

"5 <2 
o c 
o o 

CO 3 

“O C 
a> c 


to 

c 

o 

3 

o 

c 


| r 

^ a> 
c **- 
-- co 

c 

C CO 
CD 1- 

1 c 

.9- o 

cr 2 

0 ) o 5 

w a5 

2 ° 
O o 

3 n> 

■S 6 


CO 

c 

CO 

k- 

+* 

CD 

3 

CO 

CO 

CD 


T5 

C 

3 

O 

CO 


CO Csl 


C 
CD 

E 
a> 

a> 

a> 

3 C 

c3 

08 

D) JJ co 
c o c 
.= O o 

k- CO •_= 
a> t- 

a> S 

c o 


LO CO CM i- 


CM 


o 

cl! 

O (D 

°h 

To P P 


a> a> 

<0 (A 


* o -o 


a> 2 w 

w c c 

c | .2 

3 Q. Q. J> O 

2 o *o » o) 

> C C fl> if 4= 

1= 3 3 <0 O X 

g O O CO «* 


o 

c 

3 

O) -o 0 ) 
C c O 
LU - c 

D) = D 

c <u t 

■_ o 3 

.E E « 

« « -o 
t/)o© 
3 © 

(ft E o 

X- TJ 

° c c 

r re « 

—i i. 

— fl) 
co > 
o > 
V3 9 

CO Q- 

O c 

£ 3 

® o 

CD CO 


o 

CO 


2 o 
<0 CC 

a iz 


co 

.2 

CO 

v! 

2 

o 

CO 

<5 c 

J= o 

o ^ 
c jo 
.2 ^ 
Q. O) 

o 

CO S 

.D o 

co a 

— 4 -» 

8 w 

.2 a> 

+* 4 -* 

CO 

3 ^ 
O C 

* § 
•o j- 
c O) 
<0 w 

U» O 
c «•- 

Q. D> 

I| 

u <o 

— o 

2 co 

3 

O m 
3 +-* 


CO 

c 

(0 .2 
o c 

4-» 3 

a 


3 <g 

h- 


c 

CO 


co .2 

3 g 

o -2 
Q- g 

« H 

0 ) O 


<0 

c 

(0 <0 

- § 

0 ) .2 

3 © 

m E 
« 3 

Jr © 

Q. o 

E g 

I - 

S 2 

A w 
o •— 
*-» ^ 


co a> 

CO > 

CD ^ 

2 o 
cl a 

O TJ T) O 
c c c 


CO 
£ 
o 

’3 

o 
c 

3 

CD 
O 

c 
co 

a5 0 -£ 
5 5 = 
o o to 

Q. Q. ■ — 
ID 


3 3 


3 a 


c 

o 

3 

CO 

k. 

3 

O) 

c 

o 

o 


0 

1 

£ 

o 


O) 

c 

To 

o 

w 


CO 

a 


CO 

t 

o 

a 

CD 


CO CO OQ CD CO LU CO 

v v v w w 

® CO CO CO CO u. 

CD 



■O 

CO 


O u u m m m 

o 

c 

O 

s 

S 

Ll 

• 

• 

• 

• 


NAS A/CP— 2000-2 1 0374 


621 


ii-i 3 July 2000 igth Microgravity Measurements Group Meeting crenweige/o’Keefe/Muier/ 



The Present: Zarya & Unity (Dec. 1998) 
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The Future ( ca . 2005) 
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Paper Number: 22 


Testing the BUNDLE experiment for 
microgravity disturbance characterization 


Christy Gattis Bob Engberg 

NASA Marshall Space Flight Center NASA Marshall Space Flight Center 

Huntsville, Alabama Huntsville, Alabama 

A primary objective of the International Space Station is to provide a premier facility 
for microgravity research. There are many disturbances on board the Station that can 
disturb the quality of the microgravity environment, including disturbances caused by 
both system and payload hardware. Disturbances within experiments themselves can 
also affect the quality of their own environment. 

The primary functions of the Bridgman Unidirectional Dendrites in Liquids 
Experiment (BUNDLE) are to melt, directionally solidify, and perform in-situ quench of 
metallic alloys, providing data to aid in understanding the effects of the microgravity 
environment on the characteristics of these processed metals. Quenching of the samples 
in the BUNDLE furnace is accomplished by rapidly introducing high pressure helium 
into the furnace chamber. This type of quench will induce sample vibrations which may 
be large enough to adversely affect sample quality. The primary objective of the test 
described in this presentation was to determine the acceleration imparted on the 
BUNDLE sample during helium quench. From this information, the science community 
can better assess whether this method of quench will allow them to obtain the data they 
need. 

Utilizing breadboard hardware, the sample quench sequence was conducted. Data 
was collected from accelerometers located on the breadboard hardware and inside the 
sample cartridge. The test data indicated that the maximum acceleration achieved by the 
sample was 0.325 g, which is much higher than the desired microgravity (10*^ g) 
environment. However, this acceleration level occurred over a time period of less than 
0.1 second. Because this time period is so short, there should be no detrimental effects to 
dendrite growth. This result was consistent with the observations of the experiment 
scientists, who are satisfied with the results of previous dendrite growth in this 
breadboard unit. 
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Microgravity on Space Station 

• Primary objective of International Space Station is to provide 
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Test Article 

• Test article was the Bridgman Unidirectional Dendrites i 
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BUNDLE Breadboard 
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BUNDLE Quench System 
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Test Article Details 
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Cartridge Mounted in Furnace 
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BUNDLE Breadboard 
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Test Instrumentation 
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Accelerometer in Cartridge 
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Accelerometer on Helium Line 
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Accelerometer on Valve 



MSFCED21 Vibroacoustics 



Accelerometer on Gearbox 
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Initial Analysis 

• Vibration from quench expected to be obvious, especially 
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Further Analysis 

• In closer detail, 0.325 g maximum response became visible 
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Results and Conclusions 

• Test showed that some types of sample processing may be 
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Paper Number: 23 


Proposed ground testing standard methods & techniques 


Thomas Goodnight 
NASA Glenn Research Center 
Cleveland, Ohio 

The methodologies used for prediction for on-orbit microgravity environment needs 
to be ground validated. The data and models for such validation will be coming from 
diverse sources. No standardized methodologies have been validated which cover the 
entire 0 - 300 Hz range. 

Current ground test data feeds into this process and therefore should be standardized 
to support both narrow and third octave band analysis. 
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MEL Perspective 
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assessment of the compliance with given jig allocation 


MEL Methodology 
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Compute actual narrowband and transform 1 
1/3 octave band forces and moments at CG of 
the component 
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AutoSEA) in assuring “good neighbor” policy and 
science requirements. 




.a § 


"S -j 


T3 oJ 

2 8 

ro £ 

*8d "2 

• PN H 

l< g 

2 p4 


T3 

0> 

u 

=3 

</2 

S3 . 
0> /-A 

S | 

1 ^ 

=8= 53 

Jn GD 

0) 2f 

-+-» M 

H 

2 V 

« .9 

Pm w 

a 

sp c 

*2 S3 

o 2 


NASA/CP— 2000-2 1 0374 


657 


oo 

o 

o 

U 

c 

bJQ 

£ 

O) 

Q 

W 


to s 

§ ^ 
u § 
a ^ 

'% & 
Q ? 


a * 

o « 

« so 

— fl 

05 O 

'S a 

0 5/5 

g £ 

•3 pfi 

•3 ^ 

| " 
* S 

1 p 

^ p 

=tfc pp 

^T* 

g fl 

fl QJ 

*3 a 

£h qj 

m W> 

g $ 

© a* 

u o 

fl £ 

Ml ' l -* 

•P™( • 

!8 DJD 
rs © 


£ 

o a> 

hJ p 
■ ,§ 

$ §- 

ti ^ 
fl © 

•P^ 

fl fl 

£ B 

a 73 

fl *rt 

o © 
a.9 
“ a 

5/3 fl 

£ *3 

Q cd 


o 

c £2 

<D v5 

w fl 
O b/) 

Oh fl 

6 £ 

3 

1 « 

c 2 

CD X> 

Oh g 


c ° 
S o 
S *-i 

B | 

4-1 ^ 

O 


4 > Oh 


NASA/CP— 2000-210374 


658 


• platform acts like a piston phone without the cylinder 
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Test Article Response Accelerations 


Ground Testing Acquisition System 
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Current processing nets narrow band spectral results. 
Currently all raw data (i.e. time histories are retained) 
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Instituting analog low-pass filters to eliminate channel 
saturation and proper scaling for light weight configurations 


Ground Test Environment Noise 
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quiet outside conditions 
required 
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inertial forcing functions in the time domain need to be implemented 
MEL characteristics plus environmental noise effect on process results 
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MGMG #19 


Paper Number: 24 


In flight measurement results of microgravity 
space platform Photon #12 of September 1999 and 
plans on modified Photon-M #1 flight 


Valentin F. Agarkov 

Central Specialized Design Bureau 

Samara, Russia 

O. L. Mumin 
CSRI Electropribor 
St. Petersburg, Russia 

In the 9th of September 1999 a specialized automatic microgravitational platform 
Foton #12 was launched from Russian cosmodrome "Plesetsk". The platform carried 
microgravity-related scientific equipment from Russian Space agency, EC A, KNESS, and 
DARA. Microgravity measurements were conducted with Russian equipment "Sinus- 
12". "Sinus-12" is equipped with four tri-axial accelerometers. 

The Space Platform successfully carried out its task. Reentry vehicle landed softly on 
time. Scientific equipment was handed back to the above mentioned Space agencies. 

The results of microgravity measurements during this flight are published in this 
report. A short commentary is given about the next flight of "Foton-M" #1 which is 
planned to fly in 2002. 
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rN-FLIGHT MEASUREMENT RESULTS OF 
MICROGRAVITY SPACE PLATFORM 
“PHOTON” JVel2 OF SEPTEMBER 1999 
PLANS ON MODIFIED “PHOTON-M” FLIGHT 

V.F. Agarkov, V.D Kozlov, O.L Mumin 

Automatic specialized microgravity platform “Photon” Ns 12 was launched from the 
Russian spaceport “Plesetsk” on the 9-th of September 1999. The platform was equipped with 
experimental gear of the Russian aviation-space agency, ESA, CNESS and DARA for 
microgravity research. The space platform completely performed its mission 

The re-entry capsule was softly landed on the Earth at the pre-set time The experimental 
gear was given to the representatives of the specified space agencies. 

Microgravity measurements were performed by the Russian system “Sinus- 12K” developed 
by TsNII “Elektropribor” and incorporating 4 three-axis accelerometers of MSTA type MSTA 
accelerometer (magnetic spherical three-axis accelerometer) with magnetic proximity suspension 
of the levitating spherical rotor. Accelerometer performances are changed over a wide range by 
means of changing electronic components parameters of the suspension. 

ESTA accelerometer (electric spherical three-axis accelerometer) is a spherical rotor 
levitating over the electrical field of the suspension. There is a possibility to bring its sensitivity 
to MO g. In comparison with “Sinus-6K” system used in the previous flight on “Photon” JV9] 1 the 
number of measuring channels was increased from 6 to 12, accelerometers sensitivity was 
increased up to 110' g, microaccelerations measuring time was increased from 32 hours to 240 
hours. 

Actually the total measuring time during “Photon” JV«12 flight equaled 65 h. 2 min. 

46 sec. 

Diagram of accelerometers positioning relative to the coordinate center and axes of the 
platform is shown in Fig. 1 . Basic characteristics of “Sinus” system are given in table 1 

There were 12 in-flight runs of measurements executed over frequency ranges 0-0 1 Hz 
0.2-10 Hz, 10-300 Hz. 

Results of the measurements over ranges 0.2-10 Hz and 10-300 Hz are close to the 
similar ones obtained on “Photon” JV 21 1 in 1 997. Results of the measurements over the range 0-0. 1 
Hz show that quasistationary accelerations don’t exceed some micro-g units all over the flight 
Results of the measurements executed in the 7-th run of measurements of 19 09.1999 - 
20.09. 1999 are given in Fig. 2 and Fig. 3. 

These are the best achieved results. Their consideration shows that at least during 10 hour 
flight the accelerations didn’t exceed 640 6 m/s or ~6-10’ 7 g. It confirms our theoretical 
conclusions that carrying out certain feasible technical actions it can be achieved that during next 
Photon flight microgravity wouldn’t fall outside the limits of minus seven exponent. 

Results processing of measurements over 10-300 Hz frequency range is shown in Fig. 4 
as spectral components amplitudes on projection of X accelerations These results were obtained 
during the second run of measurements of 13.09.99 and are typical for the whole flight 
Considering the diagram it is seen that maximum microacceleration is achieved over frequency 
range 190-265 Hz The sources of these vibroaccelerations are mechanical units mainly the ones 
placed in the re-entry capsule. Maximum achievable values are 41 O' 3 m/s (~4-10' 4 g). 

“Sinus- 12K” system was first used to measure accelerations at the descent leg. Figures 5-8 
represent results of the platform parameters measurement during break engine operation of 
24.09.1999. It showed wide potentialities of the “Sinus” system. 

Fig 5 - measurement of the velocity in the orbital motion direction (axis X of the 
accelerometer). 

Fig. 6 - acceleration in the orbital motion direction. 
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Table 1 


Parameters 

Sinus- 12 

Sinus- 1 5 

Accelerometers 

MSTA, (ESTA) 

MSTA, ESTA 

Quantity of measuring 

channels 

12 

15 

Resolution 

WOVHO-’g 

l TO^g- 1 piece, M0' 7 g -2 pieces, 
l*10‘ K g - 2 pieces 

Time of microaccelerations 
registration 

240 h 

400 h 

Computer 

On base of 
OCTAGON SYS 
cards 

On base of OCTAGON SYS cards 

Weight 

3 kg 

5 kg 

Power consumption 

15 W 

30 W 

Measuring of angular 

velocity 

no ] 

yes 

Measurement ranges 

0-0 1 Hz 

0 2-10 llz, 10-300 Hz 
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Fig. 2 



Fig 3 
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Amplitudes of spectral components of X axis acceleration projections over 10-300 Hz 
frequency range, measured by MSTA-2 during launch-2 of 13,09.99. 
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Fig. fi (X axis) 
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Fig. 10 (Z axis) 
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Fig. 7, 8 and Fig. 9, 10 - respectively velocity and acceleration of the platform and the re- 
entry capsule in the directions perpendicular to the orbital velocity (axes Y and Z of the 
accelerometer). 

Next “Photon” flight named as “Photon-M” JVel is planned for the second half of 2002. It will 
be totally modified including replacement of practically all major on-board systems. The purpose 
of the modification is improvement of technical performances mainly augmentation of power for 
experimental gear, increase of payload mass, further decrease of microgravity in quasistatic and 
vibration ranges. 
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MGMG #19 


Paper Number: 25 


PIMS real-time data reception and 
environment characterization 


Kevin McPherson 

NASA Glenn Research Center 

Cleveland, Ohio 

Kenneth Hrovat 
ZIN Technologies 
Brook Park, Ohio 

The methodology and system concepts developed by the PI Microgravity Services 
(PIMS) project to process real-time ISS microgravity acceleration data will be presented. 
The characterization of these data and analyses into information meaningful to 
microgravity scientists will also be described. 
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AOS/LOS profiles call for 30 - 60 percent AOS coverage 
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Paper Number 26 


ISS Microgravity Environment Monitoring System 
(MEMS) - Part I: system design 


Kenol Jules 

NASA Glenn Research Center 
Cleveland, Ohio 

Paul P. Lin 

Cleveland State University 
Cleveland, Ohio 

The Principal Investigator Microgravity Services project at the NASA Glenn Research 
center supports Principal Investigators of the rrucrogravity science community as they 
evaluate the effects of acceleration on their experiments. The Principal Investigator 
Microgravity Services' primary responsibility is to support NASA sponsored 
investigators in the area of acceleration data analysis, interpretation and the monitoring 
of the microgravity environment on-board various carriers. The microgravity 
environment is a rich and very complex dynamic one. It is subject to quasi-steady 
accelerations, higher frequency acceleration, and transient disturbances. 

With the advent of the International Space Station operation, a significant amount of 
data is expected to be downlinked and processed for both the space station microgravity 
environment characterization (verification) and scientific experiments. Therefore, to help 
principal investigator teams monitor the microgravity environment on-board the 
International Space Station in order to avoid negative impact on their experiment, when 
possible, the NASA Glenn Principal Investigator Microgravity Services project is 
currently developing an artificial intelligence monitoring system, which will notify the 
principal investigator teams in near real time of any change in the microgravity 
environment susceptible to affect their experiments. 

The main objective of this artificial intelligence monitoring system is to help the 
principal investigator teams, in near real time, identify the primary vibratory 
disturbance sources that are active at any moment in time on-board the International 
Space Station, which might impact the microgravity environment their experiments are 
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exposed to. The soft computing techniques, which are being used, consist of an adaptive 
pattern classification, which is a hybrid of Kohonen's Self-Organizing Feature Mapping 
and Learning Vector Quantization, neural networks, and fuzzy logic. This monitoring 
system will allow any principal investigator team, at any location and any time, to see 
the current acceleration level on-board of the Space Station via the World Wide Web. 
From the Principal Investigator Microgravity Services' web site, the principal 
investigator teams will see in near real time which event (s) is/are on, such as crew 
activities, pumps, fans, centrifuges, compressor, crew exercise, platform structural 
exciting modes, etc., and decide whether or not to run their experiments based on the g- 
level associated with a specific event. In addition, they will have access via the web to a 
graphical display, which shows the status of all the vibratory disturbance sources with 
their degree of confidence as well as their impact on the microgravity environment. This 
artificial intelligence monitoring system will be synchronized with the International 
Space Station's on-board clock so that a log of events is recorded for the principal 
investigator teams future use. This monitoring system is focused primarily on detecting 
the vibratory disturbance sources, but could be used as well to detect some of the 
transient disturbance sources, depending on how long such events last. The system has 
enough built-in smartness to detect both known and unknown vibratory disturbance 
sources. 
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Description of a method of numerical modeling of microaccelerational levels 
propagating on the structure of a microgravitational platform from the sources of 
vibration in the levels from 0 to 300 Hz. Methods of finite elements are used to reduce the 
model of spacecraft. 

The results of research are numerical values of frequency-amplitude characteristics 
between the platform structure and equipment mounted on the structure of the 
platform. These values are used to calculate microgravity levels in any given point. 
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V. F. Agarkov, K.V. Peresypkin, V.D. Kozlov 

A Method of Simulation of Microacceleration Field from 
Vibration Source in Microgravitational Space Platform 

Purpose 

While designing a microgravitational platform it is advisable to have a method of 
estimation of on-board microacceleration. However current microacceleration 
estimation methods ignore spacecraft structural elastic motions. Determination of 
microaccelerations on the basis of physical experiments has some drawbacks. An 
engineer gets microacceleration data when spacecraft (SC) has already been 
manufactured or even launched. Not all structural motion parameters and not in all 
points of construction can be measured within physical experiment. Thus, 
development of a microacceleration estimation method presents interest for 
microgravitational platform design. This paper offers a method of research of on- 
board hardware (fans, pumps etc) excitation on microacceleration level in any 
point of a structure. Further the proposed method is applied to the available 
structure, that is «Foton» SC. In estimation we received an amplitude-frequency 
characteristic of acceleration in the structural point of interest (scientific hardware 
module attachment point) from excitation in the location of one of the vibration 
sources. This amplitude-frequency characteristic (AFC) is made for frequency 
range between 0 and 100 Hz and for different structural damping levels. 

Microacceleration Estimation Method 

The following microacceleration calculation algorithm is proposed. 

- AFCs Wj of acceleration in the point under consideration from excitation 
in the location of the vibration sources under consideration (i is a 
vibration source number) are made using finite element method. 

- AFCs are multiplied by excitation spectrum of respective vibration 
source S i? and then obtained products are integrated by frequency /. The 
result of integrating is maximal acceleration (a sum of amplitudes of all 
harmonics), caused by each separate vibration source: 


NAS A/CP— 2000-2 1 0374 


742 



2 


- Summing up contributions from separate vibration sources, we find the 
maximal acceleration value in the point of interest: 
a' m =£ar ■ 

i 

For calculation AFCs the finite element method was selected because today 
it is the most developed simulation method of dynamic behavior of structure 
considering elasticity. 

I'd like to touch upon some questions of finding AFCs Wj. 

While finding AFCs, we ignore transients (activation of mechanisms, shocks 
etc). That is we consider forces, with which on-board hardware acts on the 
structure, vary with time in a harmonic manner with constant amplitude. 

To consider excitation from on-board hardware it is necessary to study SC 
structure motion in the frequency range between 0 and 300 Hz. Research of 
structure vibration in such a wide frequency range requires a detailed structural 
simulation. It entails increase in the number of the unknown. In a dynamic analysis 
of problems with a large number of the unknown values it is logical to use a 
reduction method. Modal reduction method is used in this paper. 

Calculation of AFC for descent module of «Foton 12» SC 

In this example we consider only the descent module (DM) and not whole 
SC in view of the following considerations. Firstly, the structure of descent 
module/other SC compartment interface is characterized by a great damping and 
dampens vibrations considerably. Secondly, presumably, vibration sources, located 
near experimental facilities will produce the greatest effect on the acceleration 
values of experimental facilities. This presumption indicates that other conditions 
being equal, vibration sources inside DM will produce a greater effect on 
accelerations of these experimental facilities than other vibration sources. 

The purpose of this estimation is finding a AFC of acceleration in one of 
IBIS attachment points on the lower frame from a gas-fluid unit excitation (See 
Fig. 1,2). For this purpose a harmonic force of 1 N amplitude is applied to gas- 
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fluid unit. Dependence of amplitude of response in the investigation point vs. 
excitation frequency will be the desired AFC. In this example AFC is found for 
frequency range between 0 and 1 00 Hz. 

The estimation was made on MSC/NASTRAN finite element system. The 
Finite element model has 32,034 unknown values and is shown in Fig. 1-4. 

The modal reduction of this model was based on natural modes within 
frequency range from 0 to 300 Hz. This range has 127 natural frequencies. It 
should be mentioned that the majority of the obtained modes are of local character, 
that is only one of structural DM elements (hardware units, upper or lower frame 
or parachute container) oscillates essentially. There are no noticeable 
displacements of DM shell in the majority of modes. It indicates that DM shell is 
much more rigid than other structural elements. The rigid shell of DM isolates 
vibrations of frames and parachute container. The first modes of oscillation of 
some DM elements are shown at figures 5,6 and 7. 

At present damping characteristics of the structure under consideration are 
not known. However in order to consider damping effect on maximal acceleration 
value in the point under consideration AFC was calculated for several damping 
levels. DM structure damping was assigned as modal damping. Modal damping 
factors for all modes are taken equal to each other. Five AFCs are calculated for 
modal damping factors, corresponding to logarithmic decrements, given in Table 1 

The obtained AFCs for modal damping levels under consideration are given 
in Fig. 8. 

Table 1. Damping levels, for which AFC was calculated 


N 

Logarithmic 
decrement, S 

Percent of free vibration amplitude 
decrease per one vibration period 

1 

0,0 

0% 

2 

r 0,0513 

5% 

3 

0,1054 1 

10% 

4 

0,2231 

20% 

5 

0,3567 

30% 
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Figure 1. View of the left board on the inside 


side of descent module 


The gas-fluid unit 
(excitable point) 

The set of equipment at 
right board of descent 
module 

x 

V z 



The 

point 


investigated 


Figure 2. View of the right board on the inside 
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Figure 3. The parachute 
container 


Figure 4. The set of equipment at the 
upper frame and the set of equipment at 
the lower frame 



Figure 5. The first mode of the upper 
frame (36,5 Hz) 
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Figure 6. The first mode of the Figure 7. The first mode of the 

parachute container (63,8 Hz) upper frame (66,5 Hz) 
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Frequency, Hz 

Figure 8. The amplitude-frequency characteristic for different levels of modal damping 
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Discussion of the obtained AFC 

For the beginning let's consider AFC, received ignoring damping. When 
there is no damping, amplitude should increase to infinity at each natural frequency 
of structure vibration. As AFC was constructed on the basis of finite number of 
points, increase in amplitude at resonance frequencies (further the increase will be 
called resonance peak) is observed only to finite values. For the same reason the 
AFC under consideration has resonance peaks at far from all natural frequencies. 
Within 0 to 100 Hz frequency range there are 55 natural frequencies, only 27 peaks 
(ordinal numbers of natural frequencies are indicated in Fig. 8 near appropriate 
peak) can be marked at the AFC under consideration. The fact, that some peaks 
have not revealed themselves at AFC, shows that acceleration amplitudes of the 
vibration by respect modes are negligible except for a very narrow range around 
resonance frequency. As even with a small damping these peaks will fully 
disappear, we consider their discussion superfluous. 

Let's discuss which modes the most revealed resonance peaks correspond to 
and why. Contribution of structure vibration by i-mode into j-point vibration 
amplitude is determined by multiplying j -component of i-eigenvector by amplitude 
with which i-mode participates in the vibrations of structure. 

That is for modes, corresponding to an explicit peak at a AFC, must be 
either strongly excited under considered load or comprise great displacement in the 
investigated degree of freedom of structure concerning displacements in other 
degrees of freedom. Vibration modes with great displacement in excited degree of 
freedom concerning displacements in other degrees of freedom are strongly 
excited. Peaks, corresponding to modes with great displacement in the investigated 
point are marked with circles in Fig. 8. Peaks, corresponding to modes with great 
displacement in the excited point are marked with triangles in Fig. 8. 

Two kinds of peaks can be singled out at AFC: 

- peaks with a slanting slope from the one side and an abrupt one from 
another side (for example, peaks 13, 41, 53); 


NASA/CP— 2000-210374 


749 



9 


- peaks with two slanting slopes (for example, peaks 23, 45, 50). 

The first kind of peaks can be explained by a known effect of vibration 
phase change for the opposite one during transition via resonance. That is 
acceleration amplitude of motion by the mode, corresponding to resonance 
frequency, on the one side of resonance is summed up with the total acceleration 
amplitude of motion by other modes, and on the other side of resonance, it is 
subtracted from the total acceleration amplitude of motion by other modes. 

The second kind of peaks results from the fact that acceleration amplitude of 
motion by the mode, corresponding to the resonance frequency, is far greater than 
acceleration amplitude of motions by other modes. Therefore total amplitude with 
one of the sides becomes negative (with consideration of the phase) far off 
resonance frequency. While constructing the AFC under consideration, the phase is 
neglected and total point vibration amplitude is take into consideration by an 
absolute value. For this reason both slopes of such peaks are slanting. 

Essentially, both kinds of peaks are of the same nature and differ only in 
contributions into structure motion. In most cases structural vibration by the mode, 
corresponding to the second kind of peak, makes an essential contribution to 
structural motion even far off resonance frequency of this mode. Structural 
vibration by the mode, corresponding to the first kind of peak, produces an 
essential effect on general structural vibrations only in the vicinity of the resonance 
frequency. 

Some words on damping effect. As shown in Fig. 8, peak height decreases 
with damping increase and results in decrease of resonance condition contribution 
into acceleration amplitude. Far from resonance acceleration amplitude value has a 
small dependence on damping. This result is not something unexpected. 

Some words about possible practical application of such AFC to decrease 
accelerations of the given point. Supposing, gas-fluid unit affects structure with a 
frequency of ~70 Hz. Fig. 8 shows that in the vicinity of 70 Hz AFC has a group of 
peaks, which will produce an unfavorable effect on acceleration level in the point, 
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which the given AFC is constructed for. It should be noted that this group of peaks 
corresponds to modes of the lower frame vibrations. In this case, an engineer can 
raise stiffness of units of hardware attachment to the lower frame. This measure 
will increase inertial properties of the lower frame during vibration with 
frequencies near 70 Hz. As a result of this, a group of peaks, located in the vicinity 
of 70 Hz will shift to lower frequencies and excitation will be related not to this 
group of peaks but to a relatively low part of AFC that occupied frequencies 
between 70 Hz and 90 Hz before modification. Thus, in this specific case we can 
decrease acceleration level in hardware attachment point without changing gas- 
fluid unit or its location. 
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